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THE IMPORTANCE OF OUTDOOR PLANT STUDIES 
B. SHIMEK 
From the Department of Botany, State University of Iowa 
Accepted for publication November 16, 1934 
Our outdoor water problem has so many inter-related and connected 
lines, angles and faces that the consideration or solution of any one of them 
involves all the others. 
The need of a constant and sufficient, though not excessive supply of 
water for crop-plants, and the manifest influence of plants themselves on 
this supply through their effect on surface currents of air, have led to vari-
ous attempts to regulate this moisture supply; and the mechanical effect 
of surface waters on erosion and during floods, has invited various meas-
ures for their control. 
Though plants are so distinctly concerned with both cause and effect 
in connection with these problems, it is a curious fact that for their solu-
tion we have not summoned the student of plants, but rather the engineer 
and the meteorologist. The engineer has been called upon to direct water-
conservation and water-distribution processes; he has determined the fate 
of trees along the highways; he has entirely dominated the field of artificial 
drainage and irrigation; and he has been the chief agent in working out 
erosion and soil conservation problems. Yet all these processes are pri-
marily related to plants, either as the ultimate object of the procedure, or 
as a means towards the desired end. The meteorologist, on the other hand, 
has furnished the yard-stick in the form of the rain-gauge, for the measur-
ing of conditions which determine the possibility of plant-growth. Yet 
neither one, in the course of his preparation or his professional experience, 
has had the opportunity to gain any knowledge of plant behavior, or the 
fundamental requirements for plant-growth. 
It is a fact, though contrary to popular belief, that the plant ecologist 
is much more competent to judge of the character and control of the water-
supply for these purposes than is the hydraulic engineer; and that the 
ecologist has developed a much more thorough understanding of the effect 
of precipitation and the loss through evaporation and run-off than either 
the engineer or the meteorologist. Yet, as a rule, he is not called upon to 
share in the solution of the problems involved. 
Perhaps botanists themselves are in large part responsible for being 
thus neglected. They have so concentrated on the chase after chromo-
somes, the indoor detailed laboratory experimentation or demonstration, or 
the mere taxonoinic study of plants, that they have neglected the divers 
combinations of causes and effects related to plants as displayed in the 
outdoor world. Even the economic botanist has been so anxious to find 
short-cuts to practical results, and has been so concerned with soil de-
velopment, that he, too, has overlooked the full relationship of the factors 
involved; while too often the ecologist, who above all should be concerned, 
has been so occupied with the study of mere plant distribution, or with the 
development of a cumbersome and verbose terminology, that he, likewise, 
has often failed to appreciate the great scientific and economic significance 
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of the close investigation of cause and effect in the outdoor world. 
The engineer and the meteorologist can render valuable service on 
the mechanical and physical side of the problems involving water-supply, 
drainage, irrigation and erosion, but the utlimate solution of these various 
problems in which plants are factors, must rest with the student of plants 
in all their relations-namely, the plant ecologist. For example, the engi-
neer can decide if a place can be drained, but he is not prepared, either 
by training or experience, to determine whether it should be drained; the 
meteorologist can give valuable information on the distribution and 
amount of precipitation, but he is not in a position to judge fully of its ulti-
mate behavior or disposition, distribution and diffusion after it has been 
precipitated-these are problems for the plant ecologist. It is high time 
that the botanists, and especially the plant ecologists, assert themselves in 
the economic field. A little has been done in connection with our western 
grazing lands, but this is only a fractional part of the responsibility which 
the plant ecologist should assume. 
As noted, the fundamental facts and principles involved in most out-
door water-problems are more or less related to plants and to the condi-
tions under which they exist. These problems may be divided into three 
great groups, the first including those related to atmospheric moisture, 
the second those concerned with surface and soil waters, and the third 
those which are connected with our surface bodies of water. 
The first group involves relative humidity and its relation to evapora-
tion and transpiration, and includes such practical problems as the proper 
development and use of windbreaks; the preservation of the sources of 
atmospheric moisture in swamps, ponds and lakes, now so often destroyed 
by drainage; the proper planting of trees and ornamental plants along 
highways; and the sel~ction of suitable crops for different habitats. 
The second group'includes such problems as run-off and flood-control, 
soil-waters, evaporation and erosion. The problems of run-off and flood-
control, as well as that of erosion, have been left largely to the engineer, 
who commonly employs cement and piling where plants would be just as 
effective and much less expensive; while the problems of soil-water and 
evaporation have received varied attention from meteorologist, engineer 
and geologist, with comparatively little emphasis on the value of plants as 
an important factor. 
The third group embraces the problems related to our surface bodies 
of water, such as the conservation of fish, game and some fur-bearing ani-
mals, and other recreational features related to our waters. 
These problems cannot be solved without due regard to the plant 
factors, nor does any one of them stand entirely apart from the others. 
This symposium, for example, is concerned primarily with erosion 
problems, but these involve many factors related to other problems, the 
influence of which will be brought out, no doubt, in these discussions. 
Among them may be noted the amount and rate of run-off, so important in 
flood-control and the conservation of wild life; the amount and rate of 
evaporation which reduces the amount of run-off, but which is also all-
important to plant growth; the amount of absorption of water by the soil, 
which also reduces the run-off, but is likewise of great importance to plant 
growth; the texture of the soil, so important in determining the rate of 
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erosion, but of equal importance because of its effect on the water-holding 
power of the soil, which, again, greatly affects plant-growth; and others 
to which reference may be made in the discussions. 
That plants play an important part in checking or preventing erosion 
is obvious. They not only hold the soil by their roots, but they affect run-
off by checking the velocity of surface currents, by creating a bed of leaf-
mould which more readily absorbs water, by dashing much of the falling 
water into a fine spray which is more readily absorbed, and by retaining 
on their surfaces a considerable part of the precipitated water, thus en-
abling it to evaporate without reaching the soil. Some experimental work 
has been done to determine the effect of the various factors, to which no 
doubt references will be made during this session, but much more should 
be done to cover wider areas, since the factors involved do not operate in 
equal degree under the divers and varying conditions of our broad land. 
Emphasis should be placed also upon the effect of erosion on our soils, and 
on our streams and lakes, which suffer from silting. 
The various erosion problems present three rather distinct phases: 
Erosion of cultivated lands where the disturbance is more or less con-
tinuous; erosion of the bluffs and rougher areas which have been stripped 
of their forests or deprived of their prairie covering; and erosion on bot-
tom-lands subject to overflow. Each of these types presents special prob-
lems, though all are closely related. 
In all cases, however, plants play a very important role, and it is grati-
fying that this program will manifestly emphasize that fact. 

THE EFFECT OF PLANT COVER ON SOIL AND WATER LOSSES 
R. E. UHLAND 
From the Soil Erosion Service, United States Department of Interior 
Accepted for publication November 16, 1934 
It has been shown that the removal of forest growth, grass and shrubs 
and the breaking of the ground surface by cultivation, the trampling of 
livestock, etc., accentuate erosion to a degree far beyond that taking place 
under natural conditions, especially on those soils that are peculiarly 
susceptible to rainwash. It has long been realized that the speeding up 
of the washing varies greatly from place to place according to soil char-
acter, climatic conditions, vegetative cover, degree of slope, disturbance 
of the ground surface and depletion of the absorptive organic matter in 
the soil under continuous clean cultivation. 
While little is known about the actual rate of soil formation we do 
know that it is extremely slow. Mr. H. H. Bennett has often stated that 
it requires more than 400 years to produce a single inch of surface soil 
and he is undoubtedly very conservative in his estimate. We are certain 
that the formation is so slow that it is not keeping pace with the rapid 
removal that is under way as the result of artificial disturbance of the 
vegetative cover and ground equilibrium through chiefly the instru-
mentality of man and his domestic animals. 
The removal of the natural cover of vegetation, which for Iowa and 
Missouri was chiefly prairie grasses, and the disruption of the normal por-
osity of the soil with plows and domestic animals caused accelerated 
runoff of rainwater and consequent erosion. Despite the fact that these 
forces altered the ground surface so greatly, the fundamental processes 
involved with these man-induced changes of natural soil conditions were 
not recognized or studied in any systematic manner until within the past 
fifteen years. 
You have all perhaps read accounts of recent surveys which show that 
more than 75 per cent of the crop-producing and grazing areas of the 
United States are sloping enough to favor more or less serious soil erosion. 
Investigations show that more than 35 million acres of formerly cultivated 
land have been essentially ruined by erosion and that an additional area 
of about 125 million acres, still largely in cultivation, has lost all or most 
of the top soil, with another 100 million acres of crop land heading in this 
direction. 
It was for the purpose of actually studying the many variables and 
modifying factors involved in soil erosion in a scientific manner that there 
was set up under the Department of Agriculture several years ago an ex-
perimental erosion control program with experiment stations in different 
sections of the country. Since soil type alone introduces an almost endless 
variety of conditions that appreciably and even profoundly affect the rates 
of absorption and therefore of runoff and soil denudatipn, it was necessary 
to locate these experiment stations on different soil types. These Soil 
Erosion Stations were established in cooperation with the Experiment 
Stations of the states in which they were located. Mr. H. H. Bennett, 
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Director of the Soil Erosion Service, planned and developed the program 
of investigation of the Bureau of Chemistry and Soils while the engineer-
ing phases of erosion control were directed by the Bureau of Agricultural 
Engineering. 
Most of you are familiar with the fact that two of those soil erosion 
experiment stations are located close at hand. One of these stations is 
located at Bethany, Missouri, on the Shelby loam and Shelby silt loam 
soils, and the other at Clarinda, Iowa, on the Marshall silt loam. The sta-
tion at Bethany, consisting of 220 acres, was started in the spring of 1930, 
and the Clarinda station, consisting of 200 acres, was started in the spring 
of 1932. With the extreme variations of seasons and the amount and in-
tensity of rainfall from year to year it is evident that considerable time 
must elapse before absolutely accurate conclusions relative to erosion 
may be drawn. However, the results to date with regard to the effect of 
plant cover on soil and water losses are highly significant. Since the writer 
was directly responsible for securing the results at the Bethany station, 
most of this discussion will be confined to that station with introduction 
of sufficient data from the several other stations of the United States to 
show clearly the important part played by vegetation in controlling both 
soil and water losses. That the soil type plays an important part in regu-
lating the rate of water percolation or infiltration into the soil is shown by 
graphs 4 and 5. The infiltration rate for the Marshall loam was seven 
times greater than for the Shelby loam. 
The results secured at Bethany covering a period of three years 
(1931-33) inclusive, are illustrated in graph 1. These measurements were 
made on an 8 per cent slope and the mean precipitation for the three year 
period was 33.54 inches. The length of all but one of these plots is 73 feet 
and the length of the long plot is 146 feet. It will be noted that even on 
this short slope, which represents roughly the cross-section between ter-
races, the average annual soil loss has exceeded 60 tons per acre, along 
with 27 per cent of total precipitation, where corn is grown continuously. 
The loss from exactly the same kind of soil, having identical slope and 
receiving the same rainfall, but devoted to thick-growing crops, was sur-
prisingly low. Under alfalfa there has been a loss of only .2 ton of soil 
per acre and about eight per cent of the precipitation. These results show 
alfalfa to be about three hundred times, and the grass about two hundred 
times more effective than corn in holding soil and thus preventing erosion. 
Alfalfa proved nine times as efficient in reducing runoff as corn, and grass 
was three times as effective. For the same period, fallow land kept free 
of vegetation lost an average of 112 tons of soil or more than five hundred 
times as much from the plot cropped to alfalfa. From areas cropped un-
der a three-year rotation of corn, wheat, clover and timothy the loss of soil 
where neither fertilizer nor lime was used was at the rate of little less 
than 12 tons per acre, as compard with only 3.74 tons per acre where lime 
and fertilizer were applied and the same rotation used. 
The above results show that lime and fertilizer applied once in the 
rotation may greatly reduce erosion. This fact was very forcefully dem-
onstrated in 1932 when land in corn following clover that had formerly 
been limed and fertilized at wheat seeding time lost soil at the rate of 9.8 
tons per acre, as compared with a loss of 19.6 tons per acre from adjoining 
land, which was not limed or fertilized, but which had the same cropping 
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system. This same year land in corn following corn lost soil at the rate of 
48.6 tons per acre, which was more than five times the loss from fertilized 
land on which a good cropping system was followed. This indicates that 
there is a marked residual effect of both the preceding crop and fertilizer 
treatment. It shows also that there is a marked difference in the soil loss 
from land in the same crop, especially where the crop is poor. This latter 
point was demonstrated on Experiment 2 in 1932 and again in 1933. In 
1932 on another experiment and on badly eroded land seeded to oats and 
red clover the untreated area lost 9.75 per cent of the rainfall, while no 
runoff was recorded for the treated plot. For 1933 the fertilized plot 
yielded a crop of good clover hay amounting to slightly more than one 
and one-half tons per acre, while the untreated plot yielded only 1,400 
pounds of crab grass and a little clover. While little soil was lost from 
either plot, the treated plots lost only 20 per cent as much water as was 
lost from the untreated plot. These results further demonstrate that not 
only is there a marked difference in the soil and water losses from differ-
ent kinds of crops, but also from the same crop, where a good crop is com-
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pared with a poor crop. The results show that the loss from a good crop, 
whether it be a cultivated crop or a close growing sod crop, is much less 
than from a poor crop, which demonstrates an added need for keeping up 
the fertility and productivity of soil. 
It is of course obvious that these experiments must run for a long 
period of years so all types of rains, together with soil and crop conditions, 
may be encountered, before too many conclusions may be drawn. This is 
well demonstrated by graph 2, which gives the soil and water losses caused 
by a single rain totaling 3. 71 inches, which fell April 3, 1934. This rain 
was quite intense (3.03 inches fell at an average of 2.36 inches an hour). 
From plot 1 in continuous corn on the long slope the soil loss for this 
single rain exceeded 53 tons per acre, which was a greater loss than oc-
curred as a result of the entire annual precipitation on this same plot for 
1932. The soil loss from plot 2, which was one-half the length of plot 1, and 
which was also in corn, was about 46 tons per acre. More than two-thirds 
of the rainfall was lost from each of these plots. The soil loss from plot 3, 
which was in clover, was .23 ton per acre and the water loss was 29.6 per 
cent, or only 44 per cent as great as the water lost from corn land. 
Graph 3 shows the average annual soil and water losses, 1918-31, in-
clusive, secured on Shelby loam with a slope of 3.68 per cent at Columbia, 
Missouri. The average annual precipitation was 40.37 inches. It will be 
noted that the soil loss from fallow land was at the rate of 41 tons per acre, 
from corn it was 19.7 tons per acre, from continuous wheat 10.1 tons per 
acre, for crops in rotation the loss was but 2.7 tons per acre, while land in 
continuous bluegrass lost only .3 ton of soil per acre per year. 
Table 1 shows that when grass occupies the land the degree of slope 
exerts little effect on the soil loss. On the other hand, when corn is grown 
on an 8 per cent slope the average annual loss (4 year average) was 61 
tons; whereas, on a 3. 7 per cent slope the soil loss was only 20 tons per 
acre (14 year average). In other words, doubling the slope on Shelby 
silt loam increased the soil loss three times where corn was grown, while 
no effect was indicated when these two slopes were in grass. 
Table 2 shows the results secured at Tyler, Texas, and it is noted here 
again that the soil loss from very steep slopes (16.5 per cent) lost scarcely 
no soil when in grass, while the loss ran as high as 35 tons per acre when 
in cotton. 
The relative effectiveness of forest cover and grass on erosion losses 
is indicated in table 3. This data was secured by the Bureau of Chemistry 
and Soils at Tyler, Texas, and Guthrie, Oklahoma. The results show that 
forest, as well as good stands of grass, gives practically complete protec-
tion from erosion on these very extensive and important soil types. Water 
losses were extremely small as compared to those from burned-over land. 
Results similar to these were also secured at Statesville, North Carolina. 
The relative soil and water losses recorded for several different soil 
erosion experiment stations, covering a period of from four to fourteen 
years, are shown in table 4. These results show very conclusively the im-
portant part that the plant cover plays. In every case the losses from close 
and dense growing vegetation were very low and a good crop rotation was 
quite effective in materially reducing both soil and water losses. 
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TABLE 1. Loss of soil and water from Shelby soil occupying different slopes 
Soil-loss Water-loss 
Location Soil Slope Com l Grass Com I Grass 
Pc't'g tons per acre Pc't'g precipitation 
Bethany, Missouri Shelby silt-loam 
(4-year average) (nearly a loam) 8.0 61 0.3 27 8 
Columbia, Missouri Shelby loam 3.7 20 0.3 30 13 
(14-year average) 
TABLE 2. Loss of soil and water from Kirvin and Nacogdoches soils, East Texas 
Soil-loss Water-loss 
Location Soil Slope Cotton l Grass Cotton I Grass 
fine sandy loam Pc't'g tons per acre Pc't'g precipitation 
Erosion-station 
near Tyler, Texas Kirvin 8.75 19 0.2 20 1.5 
Erosion-station 
near Tyler, Texas Kirvin 16.50 35 0.0 13 0.7 
Erosion-station 
near Tyler, Texas Nacogdoches 10.00 6 0.02 15 1.4 
TABLE 3. Effect of forest on erosion and runoff, as compared with grass 
Tyler, Texas, and Guthrie, Oklahoma 
Mean 
pre-
cipita-
Soil ti on Slope Cover Soil-loss Water-loss 
Pc't'g 
tons per of pre-
fine sandy loam inches Pc't'g acre cipitation 
Kirvin 44.4 12-1/2 Forest 0.01 0.8 
Kirvin 44.4 12-1/ 2 Forest, litter burned 0.19 2.6 
Kirvin 42.3 8-3/ 4 Bermuda grass 0.21 1.5 
Kirvin 48.8 16-1/2 Bermuda grass 0.00 0.7 
Vernon 33.5 5-1/5 Forest 0.017 0.13 
Vernon 33.5 5-1/5 Forest, litter burned 0.22 5.06 
Vernon 32.9 7-7/10 Bermuda grass 0.04 1.5 
TABLE 4. Comparison of soil- and water-losses under crop rotations on eight important soils 
Mean Soil- I Location Soil Slope Rotation precip. loss Water-loss 
tons per Pc't'g of 
Pc't'g inches acre precipitation 
Bethany, Missouri. Shelby silt-loam 8 Corn, wheat, clover 34 10 11 
Columbia, Missouri Shelby loam 3.7 Corn, wheat, clover 40 10 24 
Hays, Kansas Colby silt clay-loam 5 Wheat, kafir, fallow 22 10 16 
Guthrie, Oklahoma Vernon fine sandy loam 7.7 Wheat, sweet clover, cotton 33 6 12 
Temple, Texas Houston black clay 4 Cotton, corn, oats 27 6 5 
Tyler, Texas Kirvin fine sandy loam 8.75 Cotton, corn, lespedeza 42 16 18 
LaCrosse, Wisconsin Clinton silt clay-loam 16 Barley, corn, clover 29 21 13 
Statesville, North Carolina. Cecil sandy clay-loam 10 Corn, wheat, lespedeza, cotton 43 7 10 
CERTAIN ASPECTS OF THE ROLE OF VEGETATION 
IN EROSION CONTROL 
W. C. LoWDERMILX 
From the Soil Erosion Service, United States Department of Interior 
Accepted for publication November 16, 1934 
The nature of interrelations between vegetation and soil erosion has 
been disclosed by experimental studies, which have been in progress 
for nearly two decades. Duley and Miller (1923) began in 1917 a series 
of studies on erosion and run-off as affected by different crops and 
methods of cultivation, which have had a profound influence on quanti-
tative studies of this nature. The writer adopted the plot method in 1923 
in China (1926), and with subsequent studies in California · (1930) 
discovered that the accumulation of a layer of ground litter under natural 
forest vegetation serves to exercise an influence of far reaching signifi-
cance in controlling storm run-off and soil erosion, and likewise in 
problems of land-use planning. Bennett inaugurated in 1928 a national 
program, prepared in 1926, of research in soil and water conservation 
under the Bureau of Chemistry and Soils, in the establishment of ten 
soil erosion stations throughout the United States (1933). These stations 
are supplying basic information in limits of sustained land use. Studies 
by the Branch of Research of the United States Forest Service by Samp-
son (1918), Bates (1928), Auten (1932), Stickel (1931), Cooperrider 
(1931), Forsling (1931), and others are supplying quantitative data 
which must furnish the information required for planning the sustained 
use of land resources, in the conservation of its soil and water supply. 
The baring of a soil to the full effects of dashing rain and blasts of 
wind against which it was formerly protected by a closed mantle of 
vegetation has been found in these experimental studies to increase the 
surficial run-off from bared surfaces and rates of soil wash to significant 
and important amounts. This finding varies with type of soil slope, type 
of precipitation, and type of land use. On forest lands removal of vege-
tative coverage by fire increased surficial run-off up to more than forty 
times that from unburned surfaces during a storm of over eleven inches 
(figure 1). Forsling likewise showed (1931) the tremendous increase 
in run-off following removal of natural grass coverage by over-grazing. 
Cultivation, moreover, is the principal means of accelerating soil erosion 
as may be seen from results of studies at the Soil Erosion stations by the 
Bureau of Chemistry and Soils, under the direction of Bennett and Alli-
son (figures 2 to 7). 
It is interesting to compare experimental results at Hays, Kansas, 
at Guthrie, Oklahoma, and Statesville, North Carolina, between erosion 
and run-off, from the natural forest plots and the cultivated plots. 
These informative graphs also indicate the effect of various types 
of crops, rotations in crops, and plowing in of cover crops. From these 
data it becomes apparent immediately that sustained use of agricultural 
soils is subject to certain definite limitations. First: wherever sloping 
lands are bared they are subject to soil · losses at cataclysmic rates in 
[337] 
338 
48 
44 
40 
36 
32 
I-
0 
.J 
0.. 28 fl) 
a: 
"' 3: 
"' 
0 0.. ~ 
I- 24 
"' 
~ 
"' II. z 20 ;( 2 
m a: 
:;) 
0 II 3.2 
~ 2.8 
II. 
12 2.4 II. 
0 
z 2.0 
=> 
a:: 8 1.8 
1.2 
4 0.8 
0 .4 
0 0. 
3 
W. C. LOWDERMILK 
llUllO,, FllOll PLOTI 
IUllllED AllllUALLY 
llAlllFALL 
a.oz" 
, 
, 
.,.' 
,---, 
,---------
, 
,--------------
,---
,' llUllO" FllOll PLOTI IUlllllD 
,' OllC[ AllD llllllOWll I Ylll. 
·'' ,,,------------J'';11u;;;llO;;;,,;-;Fll;O~ll~U;.ll~D~ll~T:u11:.:[0;-:PLOTS 
• • P.111. 
12 • • A.Ill. 
12 • • P.111. 
Fig. 1. Source: California Forest Experiment Station, North Fork, Calif. Period, 
Dec. 31 to Jan. 1, 1934. Sierra brush type, slope 32 per cent; area of plots 1/40 of 
an acre. 
comparison with those from soils clothed with their natural coverage 
of vegetation or with grass. Since the rate of loss under undisturbed 
vegetation may be accepted as the rate pf a geologic norm of erosion for 
that condition, it is certain that soil erosion from the bared sloping 
surfaces of these experiments is in excess of this norm: It is surely in 
excess of soil formation. For example: The experiments at Hays, Kansas, 
disclose the interesting fact that clean cropped land has lost under a 
mean annual rainfal of 22.18 inches, an average annual soil loss from 
native grass of 0.09 tons per acre, and surficial run-off equivalent to 
0.64 inches of rain; whereas, the losses from a field rotated to wheat, 
kaffir com and fallow were 15.79 tons of soil per acre and 16.34 per cent of 
the rainfall. This means that under natural grass it would require more 
than 16,000 years to wash away the same depth of soil under this type 
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of cultivation and cropping. Soil formation can be expected to proceed 
as rapidly as soil removal in the first instance, and much less rapidly 
in the second. 
The method of experimentation which gave rise to these results 
scarcely needs description since it has been reported in former papers by 
Duley and Miller (1923), Bennett (1933) and the writer (1934). Essen-
tially sloping plots of 1/100 acre to 1/ 40 acre are bordered and fitted with 
devices at the lower end to catch and measure surficial run-off and 
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eroded material. Plots for comparative studies are similar in all respects 
except the surface conditions, which are made to represent natural forest 
cover, various methods of cropping, and fallowing. The results from a 
series of these installations are shown in graphs in figures 1 to 7. 'fhe 
experimental installation at Guthrie, Oklahoma, has yielded likewise 
a number of interesting and significant comparisons. Average results 
from 1930-33 under an average of 33.49 inches of rain per annum, were 
from plots in virgin woods, erosion, 0.017 tons per acre; run-off, 0.13 
per cent of rainfall; and from plots cultivated continuously to cotton, 
erosion 39.62 tons per acre; and run-off 14.04 per cent of rainfall (figure 
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6) . It is apparent from these results that a complete coverage of vegeta-
tion in grass or forest maintains the integrity of the soil in the most com-
plete manner. 
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On the other hand, it is necessary to clear land for cultivation to food 
and textile crops. The problem then becomes one of discovering what 
lands may safely be cleared for cultivation, and what methods of use are 
required to maintain their productivity in safeguarding them from soil 
wastage by accelerated erosion. The solution of the problem of sustained 
land use under cultivation involves full recognition of all studies of this 
nature. Either cultivation must be restricted to level bottom lands, or 
sloping lands must be level terraced, or special methods and devices must 
be applied to sloping lands whieh must not exceed specific gradients. 
Until American agriculture can afford to level terrace its sloping 
lands, as did the Incas, certain limitations and rededication to use seem 
to be necessary, if soil wastage is to be curtailed and water conservation 
is to be effected. Zoning in allowable uses and methods of cropping is 
• 
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indicated. Such is the task of the land-use planner under the present 
status of economic conditions. 
In the irrigated west the problem possesses different features but the 
same portents. In regions of seasonal and limited rainfall impoundage 
of waters from the more copiously watered mountains is necessary to the 
important development of irrigation and to municipalities. Acceleration 
of erosion and flash flood run-off on watersheds draining into these stor-
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age reservoirs becomes a direct menace to the investments of hundreds 
of millions of dollars and to the social security of millions of people. The 
loss of surface control of natural vegetation by destructive lumbering 
and fire in the forests and by overgrazing in the grass lands has set in 
motion headlong processes of erosion of mountain slopes and the cutting 
out of alluvial filled upland valleys. The Elephant Butte irrigation project 
may serve as a portentous example of this menace. The Elephant Butte 
Reservoir of New Mexico, with an original storage capacity of 2,638,860 
acre feet, supplies one of the largest irrigation projects of the West and 
is silting up at a disquieting rate. It was originally forecast to have a life 
of 233 years on the basis of silt studies of the Rio Grande from 1897-1912. 
After the completion of the Elephant Butte Dam in 1915, silt surveys 
have been regularly made in the reservoir. From 1915 to 1925 the aver-
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age annual rate of silting was estimated from silt surveys at 20,000 acre 
feet, forecasting a life of 132 years; from 1926 to 1929, inclusive, 21,943 
acre feet forecasting a life of 110 years. Erosion of alluvial valleys above 
the reservoir is increasing yearly. But still more ominous is the fact that 
within approximately 60 years, the storage capacity of this reservoir 
would equal the annual draft of water for the irrigated land. During dry 
years the lands will suffer a shortage of water and from that time on irri-
gation under the Elephant Butte Reservoir will be a precarious enterprise. 
Underground reservoirs of extensive detrital fills play a more import-
ant role than surface reservoirs in certain sections of the west. Heavy 
pumpage from these basins has progressively lowered water tables to 
critical depths. Replenishment of these basins is the most urgent need 
of these regions. Such replenishment is achieved by sinking of run-off 
waters from mountain watersheds. Successful spreading and sinking of 
run-off waters is influenced in important degree by their clarity; muddy 
waters seal up spreading grounds and flow away as waste to the ocean. 
On the other hand, so critical has become the supply that the question has 
been raised by some, knowing that the brush and chaparral forest cover 
transpires moisture, whether it would not be advisable to destroy such 
non-commercial vegetation by fire so as to recover in streamflow a por-
tion of the transpiration loss. This is a complex question, which requires 
carefully planned studies to answer authoritatively, and at the same time 
to place the land-use planning for the watersheds upon a scientific basis 
(Lowdermilk, 1934). 
From such studies which are disclosing the rates of acceleration of 
physiographic processes by baring of soils and the water usage by vege-
tation, there may be drawn significant conclusions which must govern the 
planning of land-use. Level lands are the safest site of sustained agri-
culture. If cultivation must extend to sloping lands certain limitations 
are required. Likewise in safeguarding water supply for municipal and 
irrigation use, the management of extensive mountain water-yielding 
drainage areas must rest upon definite limitations. 
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Hitherto the mosses have been cbnsidered a difficult group for the 
collector, because of their small size. With modern helps, and with the 
development of local lists and keys, the recognition of moss species 
should not be more difficult than the recognition of grasses, and not so 
difficult as the sedges. By "modern helps" I mean first of all the compound 
microscope as an ordinary and familiar tool, the advent of which condi-
tions we are here celebrating. Quite as indispensable is the compound 
binocular dissecting microscope. The lively text and lifelike figures in 
Dr. Grout's "Mosses with Hand Lens and Microscope" (which is the 
source of the names used in this paper) place a knowledge of mosses 
within the reach of any patient and observing person in the northeastern 
states. Grout's new "Moss Flora of North America" is doing as much for 
students everywhere on this continent. 
If erosion does not begin, it will not proceed. Only on this basis can 
such small plants as the mosses be considered as agents in the arrest of 
soil erosion. Rarely reaching more than one-half inch into the soil, 
they can do little to withstand undercutting. 4nd only rarely can they 
obstruct the work of permanent streams or of strong, rapidly moving 
temporary runnels. That they do function very extensively in checking 
primary sheet erosion is perfectly obvious. In this respect mosses act in 
the same way as leaf mold or duff: the impact of rain drops is caught, 
much of the water is held where it falls, and the run-off is reduced and 
retarded. In fact, in a paragraph by Borthwick (1934) on the effect of 
forests upon water, every retarding influence that he mentions is dis-
tinctly aided by mosses. • 
In order to determine the water-holding capacity of moss, we have 
weighed a clump of Anomodon attenuatus from Monticello, Iowa, after 
drying on the laboratory table for three weeks in October. The weight 
was 8 gm. It was then dipped in distilled water at room temperature and 
held submerged for seven minutes. With excess water shaken out it 
weighed 26 gm. It was then pressed between towels, when it weighed 
23 gm. Thus a dry clump of Anomodon attenuatus, Iowa grown, can 
absorb two and one-half times its weight of water in seven minutes. 
It should be noted that this moss is extremely abundant on shaded banks 
in Iowa, especially on weathered limestone. Also, the Anomodons absorb 
water with astonishing rapidity; a dry and shrivelled fragment thrown 
into a dish of water spreads out completely in 40 seconds. 
A clump of Bartramia pomiformis weighing 3 gm. dry weighed 19 gm. 
after one hour in distilled water. This represents absorption of five and 
one-third times the dry weight of the moss. Bartramia often covers many 
square feet of shaded banks in Iowa woods. It absorbs water relatively 
slowly. 
Fernow is quoted as saying (Borthwick, 1934), "The forest litter, 
the moss-covered leaf-strewn ground, is capable of absorbing water at 
[347] 
348 HENRY S. CONARD 
the rate of 40,000,000 to 50,000,000 cubic feet per square mile in ten 
minutes, water whose progress is delayed by some twelve to fifteen hours 
after the first effects of a heavy freshet have passed." 
The relation of mosses to run-off is two fold. First, there is no turbid-
ity in the run-off from moss-covered ground. How often we notice 
crystal-clear water dripping from an overhanging blanket of moss! 
Secondly, turbid water flowing into a bed of mosses deposits much of its 
sediment there. On a steep gravel slide at Cold Spring Harbor, Long 
Island, a heavy rain on the seventh of September, 1934, carried streams 
of coarse sand and gravel to the foot of the bank. But one such stream 
met a sod two feet wide of Polytrichum commune. All of the gravel was 
stopped by the moss, nearly burying the plants. This sod makes a prom-
inent knob on the face of the slide, with a vertical margin on the 
downward side. It has been catching gravel for many years. A stalk 
six and one-fourth inches long had only one and one-fourth inches above 
the sand, but was apparently in perfect health. 
The capacity of mosses for holding mud is attested by raised peat 
bogs, where vast quantities of oozy peat are held by banks of Sphagnum. 
Such banks sometimes give way, and the black ooze pours out over the 
surrounding land. In northern Iowa bogs Drepanocladus aduncus forms 
are able to make small mounds filled with oozy mud . 
. The angle of slope that mosses can maintain ranges from . vertical to 
horizontal. In studies of slopes it is essential to distinguish between those 
which are held by roots and peopled by mosses and those which are held 
by the mosses themselves. The latter only are considered here. Vertical 
walls of soil can be held only on small areas, or on soils that do not slump 
down when wet. Small (3 to 6 inches) vertical walls of fine soil were 
held at Cold Spring Harbor, L. I., by the mosses Pohlia nutans, Dicranella 
heteromalla, Catharinea angustata, Ditrichum tortile vaginans, and by the 
liverworts Diplophyllum apiculatum and Lophozia excisa. folytrichum 
commune can hold an eight inch bank of gravel to a vertical position. 
Ofttimes soil washes away between small tussocks of moss, gf ving minia-
ture bad-land topography on a centimeter scale, the moss~e ving as cap-
stones to the pinnacles that remain. 
A striking example of moss work is shown along low River north 
of Homestead, west of Highway 149. All along ~he river for a quarter 
mile are mossy banks and knobs of Anomodon attenuatu and Bartramia 
pomiformis, several feet in extent. Occasionally a cushion of Thuidium 
delicatulum or Hypnum patientiae intervenes, or a bed of Anomodon ros-
tratus. There are no gulleys in this long bed of moss. On gentler slopes 
Brachythecium oxycladon covers the ground. The top of this high bank, 
fifty feet above the river, is too steep and unstable for any plant life; it is 
nearly vertical. But stretching up toward this, ten feet beyond any other 
life, Barbula unguiculata, fruiting freely, has spread a thin carpet, and 
further washing is arrested. As a result of the absorbency of the abun-
dant moss cover, this clayey river-bluff becomes water-logged, and great 
masses slump down, trees and all. But the resulting breaks are quickly 
covered again with moss. 
Woodsy banks are held by Anomodon attenuatus, Brachythecium 
oxycladon and Catharinea angustata at Moore in Poweshiek County, by 
Anomodon and Bartramia near Kellogg in Jasper County, and at Eldora 
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in Hardin County, by Anomodon and Timmia at Monticello in Jones 
County. And great beds of Mnium cuspidatum hold firmly the shaded 
mossy knobs of Missouri loess north of Council Bluffs and in Waubonsie 
State Park at Hamburg. 
The mechanism of.sod formation by mosses (s. 1.) is partly by a weft 
of protonema, partly by the branching multicellular monosiphonous rhiz-
oids, and partly by the stems. Pogonatum brevicaule has a perennial proto-
nema that covers many square feet of clayey road banks with a green 
felt in southeastern Pennsylvania. Such green films have been seen also 
on Long Island and in western North Carolina. In eastern North Caro-
lina and in Florida P. brachyphyllum supplants the former species. 
Liverworts hold soil chiefly by the felt of rhizoids. The collector 
slices off his specimens wtih a penknife, much as one might slice a piece 
of cheese. But this firm tissue is rarely one-fourth inch thick. 
· Most of the true mosses bind the ground with a mixture of stems and 
rhizoids, which may extend to a depth of six or eight inches. They may 
be divided taxonomically into erect stemmed Acrocarps and the creep-
ing Pleurocarps, and each of these into inhabitants of aggrading areas and 
inhabitants of degrading areas. Aggrading mosses are able to grow up-
ward as fast as the soil is washed in around them, up to a limit. De-
grading mosses quickly succumb to a cov:ering of earth. Many others, as 
those of rocks and tree-trunks, cannot endure any perceptible change 
of the substratum, and are of no interest here. The same is true of 
many pioneer species. Notable aggrading mosses are Catharinea angus-
tata, Polytrichum commune, Bryum caespiticium, B. bimum, Ceratodon 
purpureus, Amblystegium ripariitm, A. irriguum. Brachythecia of the 
salebrosum group can creep out of a shallow covering of soil. Steep banks 
where degradational processes predominate are peopled by Anomodon 
and Bartramia, Thuidium and Hypnum. In general, the erect growth of 
Acrocarps is favorable on aggrading surfaces, and the creeping mats of 
Pleurocarps are suited to degrading surfaces. In both cases, soil move-
ment is arrested, in the first by catching and holding the down-wash, in 
the second by preventing soil movement. 
Unfortunately all moss mats on soils are easily broken by trampling 
by people and domestic animals. The mats peel off, carrying more or less 
of soil, and leaving naked spots or strips where erosion has no impedi-
ment. A single botanizing party of a dozen students can do irreparable 
damage. Consequently, in State Parks and preserves, visitors should 
·keep, and be kept, strictly on prepared paths, wherever damage to ground 
cover is likely. And livestock must be kept out of hilly forest and ero-
sion control projects. 
In the 1898 Almanac of the Society of Agriculturists of France and 
in other horticultural manuals one may find directions for the destruction 
of mosses. Ferrous sulfate is the approved means. Directions for the 
culture of mosses are not easy to find. Nevertheless, on several estates 
on Long Island mosses of many species are being used in landscape work. 
An ecologist in charge of one large garden replied to a question as to the 
use of mosses, "Yes; easy to transplant and the very best thing we can 
get." It is customary there to transplant natural sods from out-of-the-way 
places, pack the pieces firmly into prepared soil and water thoroughly 
until the plants are established. No further care is necessary except to 
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sweep off fallen leaves. This is done at Great River by sweeping the miles 
of mossy paths weekly with a "besom"-a big, old-fashioned broom of 
slender twigs. 
The indispensable requirement for growth of mosses is moisture, both 
of soil and air. It is necessary also to have partial shade, and a free cir-
culation of air. There are also acidiphile species, neutrophile and basi-
phile species. Some can pioneer on new land, and others require more 
or less of humus. · 
Apparently there is no such thing as a prairie moss. The dense mat 
of grasses makes too much shade, and cuts off the air. And the quantity 
of dead material in winter completely covers the ground. Of course, if 
this litter is burned off, any moss must be destroyed. Certain it is, our 
efforts to find a prairie moss have so far failed. But~between the tussocks 
of Andropogon scoparius in thin stands on Long Island Polytrichum piZi-
ferum and P. commune occur. Ceratodon takes hold on stabilized sand 
dunes. On wooded slopes in Iowa mosses abound wherever the cover of 
dead leaves is regularly blown away. And on exposed road-banks, espe-
cially on north-facing exposures, mosses often flourish. 
As a pioneer on road-banks Barbula unguiculata has been found in 
Poweshiek, Iowa, Warren, Fremont and Dickinson counties. W eisia viri-
dula and Bryum sp. accompany Barbula in Warren County. The ubiqui-
tous Ceratodon purpureus is more permanent, if slower in coming. It 
makes miles of purple strip along the edge of the sod at the tops of road-
banks in Linn County and elsewhere. On very wet ground Mniobryum 
albicans and M. carneum make soft sods. Raw acidic soils of Long Island 
accommodate Ceratodon, Pogonatum, Catharinea, Polytrichum. A little 
shelter of grass on Iowa road-banks enables Brachythecium salebrosum, 
B. oxycladon and Catharinea angustata to function as soil binders. 
Whether these pioneer mosses can be encouraged in Iowa by artificial 
means awaits experiment. It is well known that any fragment of moss is 
able to put out protonema and new plants when placed under suitable 
conditions of moisture and light. It would seem likely that moss planta-
tions could be started on many of our newly graded roadsides, and on 
erosion control projects by sprinkling on the soil and raking in a prepara-
tion of fresh moss material chopped by machinery into millimeter lengths. 
A very thin sowing of rye to furnish shade, and a favorable season, should 
bring the desired result. This is recommended for Ceratodon, Catharinea 
and Brachythecium. Spore sowings' should be undertaken, with a nurse 
crop, for Ceratodon, Barbula, Weisia and Catharinea, all of which fruit 
abundantly. 
SUMMARY 
1. Mosses prevent erosion by catching the run-off water and sus-
pended soil, and by matting the soil together and covering it so that it 
does not move. 
2. This is accomplished by the mat of protonema, rhizoids and stems, 
3. Valuable moss cover is delicate and must be protected. 
4. Cultivation of mosses is practiced' on Long Island, and suggestions 
are made for choice of species and procedures according to ecologic needs 
and conditions. 
5. A table of significant species for Iowa is given. 
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APPENDIX: Iowa mosses which are significant in control of soil erosion 
Short lived: 1 to a few years 
Barbula unguiculata• 
Bryum caespiticium • 
Mniobryum albicans• 
W eisia viridula • 
Long lived perennials 
Anomodon attenuatus 
" rostratus 
Aulacomnium hetero-
stichum 
Barbula fallax 
Bartramia pomiformis 
Brachythecium oxy-
cladon• 
Brachythecium sale-
brosum 
Catharinea angustata 
Ceratodon purpureus 
Dicranella heteromalla 
Hypnum patientiae 
Mnium affine ciliare 
" cuspitdatum 
Plagiothecium deplana-
tum 
Plagiothecium roeseanum 
Polytrichum commune 
Rhodobryum roseum 
Thuidium delicatulum 
" recognitum 
Timmia cucullata 
Conocephalum conicum 
Plagiochila aplenioides 
Porella platyphylla 
*Ubiquitous in Iowa. 
Shade 
1h 
14 
1h 
0 to 1h 
full 
" 
" 
1h 
" 
. " 
1h to full 
0 to 1h 
%, to full 
full 
* to full 
full 
" 
0 to 1h 
full 
" 
" 
* to full full 
" 
" 
Substrate 
raw subsoil 
raw mineral soil 
wet raw subsoil 
raw or fertile soil 
pH 
calciphile 
circumneutral 
" 
acid to basic 
woodland soil and stones neutr. to calciphile 
" " " " acid to neutral 
woodland soil 
raw subsoil 
woodland soil 
fertile soil 
" " 
" " 
raw subsoil 
woodland soil 
fertile soil 
woodland soil 
fertile soil 
woodland soil 
" " 
circumneutral 
calciphile 
acid to neutral 
calciphile 
circumneutral 
circumneutral 
acid to basic 
circumneutral 
" 
mild humus 
acid to neutral 
circumneutral 
" 
raw subsoil or fertile soil acidiphile 
woodland soil circumneutral 
" " " 
" " 
raw subsoil or rock 
woodland soil 
" " and rocks 
calciphile 
" 
neutral to acid 
circumneutral 
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Almost overnight the term "erosion" has become a popular word. 
Used before in a restricted and often technical sense, it has now become 
as meaningless as the many political designations of socialism, commlin-
ism, or Fascism. It is now used at random by business men, politicians, 
and uplifters. It has become in a sense a political shibboleth with miracu-
lous significance, a safeguard of the future and a cure for the present 
depression. Possibly mankind can greatly profit by this publicity if such 
publicity makes available funds for a sane reconstruction and conserva-
tion policy. The erosion program is a great one and if it can have a ra-
tional approach may bring to bear practices which will protect our nation 
from a slow but sure self-destruction. Properly handled, erosion control 
is a great part of a sane conservation program. 
Well-managed countries have no serious erosion problem. Europe, 
except for the Mediterranean region, has little to fear. Where land is 
given its proper use and where agricultural practices are well directed, 
this question need not be raised. Erosion is an indication of bad practice 
in forestry, range, pasture, or cultivated field. As weeds in cultivated 
crops are an indication of bad crop production practice, so erosion loss of 
cultivable land is a criterion of bad agronomic practice. On agricultural 
land the success or failure of cultural practices should be judged not alone 
by the crop produced, but by the absence of erosion damage to the soil 
and the maintenance of physical tilth and fertility. Good agronomic prac-
tice will see to all these factors. 
Inter-relationships perhaps have not been sufficiently emphasized. 
Soil is as much a product of vegetation as vegetation is a product of the 
soil. The development of a soil, given proper basic. material and a proper 
climate, is inconceivable without vegetation. Certainly the two great 
factors in developing a soil are climate and plant cover. It is almost in-
conceivable that our soils would have been what they are had they been 
subjected to cultivation from the start, or rather, had they been given 
clean cultivation. Damage to developed soils comes largely from removal 
of the crop and from long periods when they lie bare with no cover crop. 
If. we were considering soil alone, this condition probably would not ob-
tain, but the weed competition with cultivated crops may demand prac-
tices not best adapted to soil production or the maintenance of a developed 
soil. 
On level or nearly level land destruction of the vegetation cover does 
not entail the same degree of surface loss as obtains on sloping land, the 
character of the soil material and the slope of the surface being the im-
portant factors. Superimposed on these two important factors are many 
incidental factors which often determine the amount of damage that will 
be done. To illustrate: the flat alluvial bottoms of the Southwest, covered 
with a coarse growth of sacaton (Sporobolus wrightii) may be flooded by 
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the runoff from adjacent watersheds. Over this flat land a great sheet of 
water, a veritable lake, moves down doing little or no damage, silting upon 
the flat and permeating the soil. A wagon track or cow trail may serve to 
start a defined current, which will finally cut a gully and in the end pro-
duce a channel, dry through much of the year but an eroding river during 
floods which will gradually cut out the whole area or lower the amount of 
water penetration on the areas on the side until they are no longer capable 
of producing a stand of sacaton. This type of erosion occurs in the giant 
rye grass (Elymus condensatus) flats of the Northwest. The damage comes 
from the establishment of the gully and when once well established on a 
large scale it is doubtful if it is practicable by any engineering works to 
restore the original condition. Similarly, a cut over timbered mountain-
side might not suffer destructive channeling if the undergrowth were not 
killed or burned and incipient channels developed by snaking down the 
logs. 
Just as the occurrence of certain kinds of plants indicates bad agrono-
mic practice on cultivated land so the appearance in pastures and range 
areas of certain plants or their increase in relative numbers indicates 
destructive grazing practice. At first the destruction may be only in the 
species constituting the plant cover and as a general rule the most valu-
able plants disappear first. Also as a rule less valuable or worthless 
plants, called weeds, take their place. That is, the first changes are quali-
tative and represent differences in composition rather than in density of 
plant cover. These changes often result in a loss in actual carrying capacity 
and unless stocking is reduced lead to serious over-grazing. This may be 
only the initial stage of destruction, and usually a short period of protec-
tion or of carefully controlled grazing will re-establishe the plant cover. 
Continued close grazing, heavy trampling, the formation of trails and chan-
nels which hasten runoff, all cut down the amount of water penetration 
into the soil, resulting in a decreased plant growth due to a lack of avail-
able moisture. The process is a rapid one, and soon the range will be 
irreparably damaged. These damaged ranges can be improved, but to 
develop a soil when it is once destroyed is not a matter of years or tens of 
years, but of centuries or thousands of years. Soils have been developed 
through long geological periods and once lost can not be regenerated in a 
few years. It is therefore imperative that no national government allow 
land to be destroyed in this way, be it public or private land. Similarly, 
the government should not allow fertile valleys to be dredged for gold 
for a present profit and left deserts of rock and gravel for thousands of 
years to come. 
Our western ranges, especially on the public domain, must have im-
mediate and constructive attention. The whole program is primarily a 
job for the botanist, be he ecologist, agronomist, or forester. Under all 
cases plants bind down the soil material and prevent its washing away. 
Erosion starts as a result of destruction of the plant cover. To re-establish 
this cover is a problem of agronomic or forest practice and generally must 
follow the course of secondary successions. Secondary successions as 
recognized by botanists are simply scar tissue in nature's attempt to heal 
a wound in earth's natural cover. The stages of re-establishment can easily 
be :worked out, and in all cases recovery is most rapid when there is no 
further interference by partial or total destruction of the plant cover. To 
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remove continually the weeds from a deserted farm area on the high 
plains is to retard the re-establishment of the short grasses. But the pres-
ence of weeds may be a sign of improvement or a retrogression and only 
a- trained ecologist can determine which process is taking place. It is all 
important if man is to direct the re-establishment of our depleted range 
land that he know the natural stages of revegetation in order that he may 
further the natural recovery rather than retard it. 
Only a trained field man can determine the amount of damage done 
on the over-grazed ranges or to eroding soils. Except in rare cases plants 
are the only factors which can check erosion and aid in re building the soil, 
and re-establish the carrying capacities of the range. 
Wherever one looks, nature has pointed the way to recovery. Second-
ary plant successions mark the scar tissue necessary to heal the wound. 
And there are well-recognized steps in the recovery. On the high plains 
the storm troops are the annual weeds, the supporting troops the short-
lived grasses and perennial weeds, and the final rehabilitation is estab-
lished first by buffalo grass followed by blue grama. One must be able to 
interpret at once the significance of the weeds which enter. In the north-
ern plains Artemisia frigida will dominate in about four to ten years and 
the grasses will be fairly well established in twenty years. On the south-
ern plains Gutierrezia sarothrae will be established following weeds and 
short-lived grasses (Schedonnardus texense) in about eight to twelve 
years, and the short grasses not fully established inside of forty years. The 
succession is much the same on over-grazed land and on land plowed and 
allowed to revert. But over-grazing leads not first to the establishment of 
the early phases, but rather takes the vegetation back through the stages. 
Over-grazed lands in the North stand out conspicuously at a distance be-
cause of the silvery Atremisia frigida, and in the South green or yellow due 
to Gutierrezia. In the Central Plains Region it is usually a mixture of 
these two. 
If I were to begin the job of correcting erosion damage, or better, of 
protecting the future from this damage in Arizona, there are six projects 
I would want undertaken at once. 
First, a reconnaissance soil map made by, or under the supervision 
of, the best trained men of the Soil Survey working in cooperation with 
the local Land Grant college. This map should cover the forests, ranges, 
and Indian reserves, and include, at least in our State, land as yet not in-
cluded in soil surveys. This map should show (a) depth and character of 
soil profile, (b) character of subsoil, and (c) character of undeveloped 
surface material. 
Second, an over print indicating the amount of destruction of surface 
soil by erosion, fire, lumbering practice or any other known cause. 
Third, an over print showing slope of soil surface. 
Fourth, a vegetation map showing types of natural vegetation and an 
interpretation of the significance of each type in terms of agricultural, 
forest or range production. 
Fifth, an over print showing the amount of destruction of native vege-
tation by grazing, logging, fire, cultivation, or any other cause. 
Sixth, an interpretation of the five maps above based on the economic 
and social factors involved. · 
To make these vegetation maps men would have to be trained on the 
ground under the direction of a practical ecologist, one with range and 
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forest experience and one who had had some experience in mapping vege-
tation. Here the whole program might easily fail if placed in the hands of 
too theoretical a man, one who had written extensively but who had ac-
tually done no field mapping. It would likewise fail if, as often happens, 
it fell into the hands of too practical a man who had no respect for the 
opinions of others. 
Botanists face this situation at a bad time. We have few men trained 
for the job. Those who are qualified are not likely to leave an established 
service to enter a public service which has shown greater disregard for 
length of service and qualification than ever before in our experience. 
Many qualified men are serving under those unqualified, which is the 
general rule in all political appointments. This condition should not con-
tinue under an administration which has so many wonderful programs in 
the making. Still, one can hardly blame those who wish to start a new 
line of work if they take new men, however poorly qualified, when we see 
how difficult it is to start new programs with the old machinery. 
I still believe the Department of Agriculture and the Land Grant col-
leges know more about the problems of the land and the best future use of 
land and the problems of crop production, grazing and forestry than any 
other agencies in this country, that they have the best body of trained men, 
and that these men would be happy to launch out on any of these new 
programs if given a chance. Most of the programs have had to build up 
a personnel from this source, and the only new thing is the broader out-
look and the transfer of men from department to department. No single 
incident has so delayed the development of a rational land use program 
in our country as the conflict between the Department of Agriculture and 
the Department of Interior. There are enough good men in both services 
to put over any program. The problems of the soil, agriculture, forestry, 
. range, should all be in one department. The Land Office, what there is 
left of it, could probably be left or moved without consequence one way 
or another. But the disposal of the public domain by our present home-
stead method seems about at an end. It should be possible for our govern-
ment to end this inter-departmental war for the good of the nation. Good 
men are equally divided in these two services and are equally capable, but 
politics has ruled the Interior Department and has been almost ruled out 
of the Department of Agriculture. Therefore Agriculture seems the only 
safe place for the great land use program. 
The land use program is one of the greatest at present confronting 
our nation and the erosion problem only a symptom of failure in the past 
to have made the proper use of land. From a geological point of view and, 
in fact, from the standpoint of soil development, erosion is a necessity 
since very old soils are not the most productive. New material must be 
deposited or the old material rearranged, and erosion is the process by 
which this is brought about. Still the loss of the productive soils as a re-
sult of destruction of the vegetation which naturally protects them is to 
be avoided. This is the problem of the present erosion program. 
In many parts of the world it is useless to attempt to slow down the 
natural processes. Where the total rainfall is insufficient to develop a 
dense enough plant cover to protect the soil the natural process of shifting 
surface material during heavy rains cannot be controlled. In each area the 
climax plant development under the climatic and soil conditions obtain-
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ing will probably give the greatest protection. But over at least half of 
the earth's surface there is not sufficient vegetation to hold the earth in 
place. 
A thorough understanding of the natural vegetation climax and of 
the secondary stages leading to its re-establishment, when it is once de-
stroyed, is the best possible basis for a revegetation and erosion control 
program. Every location presents a new problem; every region requires 
special treatment and no one plan will apply when climate, soil and vege-
tation change. 
Very briefly one may consider a number of cases presenting widely 
varying conditions: 
1. Sahara. Sandy desert; here wind continuously moves the surface 
materials. There may be great flat areas of ripple-marked sand or 
great areas of moving dunes. Rain penetrates as it falls, but plants, 
although the annuals develop following rains and a few perennials 
maintain themselves, are never able to tie down the surface mate-
rials and develop a soil under the limited rainfall. Man could not 
improve this condition. 
2. French Somaliland. A stony desert and heavy soil. Here rain does 
not readily enter the soil, and the rain water concentrates in lower 
areas to form water channels. These are often only slightly depressed 
below the surrounding surface. Along these water channels water 
penetrates sufficiently to produce coarse desert grasses, and these 
water channels are marked much of the year by straw-colored strips 
of dry grass. Here nature is immediately checking erosion by plant 
development. Man could not improve this condition. 
3. At Porto Libertad, Sonora, Mexico, a heavy alkaline soil material is 
practically bare of vegetation except along drainage channels, and 
these are marked by a low, shrubby growth of Frankenia. Farther up, 
where more rain falls, Frankenia leaves the water channels and oc-
cupies the areas which lower down were bare, and the water courses 
are here marked by Atriplex. Man could not improve this condition. 
4. Cape Verde Islands. The lee side of these islands is desert. Here are 
areas from which all vegetation has been removed. The natives go out 
over this area and pull up every living plant, place these plants in 
bags and sell them in the market as fodder. The rainfall is so light 
that it is doubtful if erosion could be prevented even if the plants 
were allowed to develop. 
5. The Growler Valley of Arizona. Here there are no grazing animals, 
and there is no developed soil. The hills are covered with a sparse 
growth of cacti and desert shrubs. The ravines are marked by mes-
quite and ironwood and the flats by Hilaria rigida, a very coarse 
shrub-like grass, or are occasionally bare, with creosote bush sur-
rounding the bare areas, indicating the absence of alkali even in the 
flats. Rainfall is very low, probably about five inches, and erosion not 
much retarded by the sparse plant cover. On a map showing erosion 
this area would show great damage, but there is no developed soil 
to be destroyed, and nothing can be done to prevent the washing 
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away of surface material. The condition is a natural one and even if 
erosion could be stopped no good purpose would be served. 
6. Omdurman. Much of this portion of North Africa is grazed off by 
goats until one can form little idea of the natural plant cover. Crops 
are grown by flood-water irrigation and probably the whole area if 
protected from over-grazing would have an Acacia-desert grass cover. 
Great areas have become almost worthless as grazing land. Still the 
flat character of the land has not resulted in excessive erosion dam-
age. Controlled grazing could here re-establish .the grass cover and 
greatly increase the carrying capacity. 
7. Coachella Valley, California. Water pours into this valley from the 
adjacent mountains during heavy rains, carrying with it great masses 
of earth and rock. Movement ceases almost as soon as the rains are 
over. The materials deposited in steep fans are sparsely covered with 
Atriplex, Gaertneria, Cycloloma, creosote bush, and many other des-
ert plants. But this scattered plant cover plays no part in stopping 
the next flood, and the land of these fans may be moved at any time. 
There is no fixed soil. The floods are soon spread at the mouth of the 
canyons, and there is no gullying down the main valley, the water 
spreading out and sinking rapidly into the valley floor. Even small 
check dams would probably only increase the damage by breaking 
way during heavy rains. The earth is unstable and probably will 
remain so in spite of any revegetation or engineering program. 
8. The Mohave Reservation, Arizona. This reservation is on the border-
line between the northern (sagebrush) and southern (Covillea) 
deserts, the desert grasslands, the plain grasslands, and the Juniper-
Pinon Woodland. In many places it is doubtful if a satisfactory plant 
cover could ever be established even with total protection from graz-
ing. The better areas have been almost totally destroyed in places 
by concentration of sheep and goat herds. The sandy lands produce 
Ephedra and Muhlenbergia pungens; the better uplands Hilaria 
jamesii and Bouteloua gracilis; the alkali-free bottoms Sporobolus 
wrightii; the warmer and occasionally flooded flats Hilaria mutica; 
and the wet alkali flats Sporobolus aeroides. Here a number of im-
ant and valuable grasses and shrubs such as Atriplex canescens are 
at home throughout the whole area. Each area is a natural habitat 
for one or more of the grasses mentioned above, and those per-
sons directing the re-establishment should study them carefully 
throughout the natural range and know what their presence indi-
cates in climate, soil, water supply, and damage by biological factors. 
Parts of the area can be greatly improved, but parts of it are not far 
below their natural condition. Erosion damage is not the only criterion 
of what can be done to restore such an area. The amount of damage 
to vegetation is the more important measure. How far has the vege-
tation been thrown back from its final stage? What position does it 
occupy on the scale leading from total destruction to complete re-
establishment of the climax type? Only a field man of wide experi-
ence can determine this, and it is essential to an intelligent recovery 
program. The presence of a few remaining plants of Hilaria jamesii 
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should bring to mind the great areas of Nevada and Utah and the 
more restricted areas of Colorado, New Mexico and Arizona. Like-
wise Eurotia lanata and the plants mentioned above tell a wonder-
ful story if their presence is properly interpreted. 
9. Lake Elton, beyond the Volga. The so-called Artemisia steppes of 
Russia are not naturally Artemisia areas, for Artemisia is here a weed 
signifying over-grazing. It was probably a great grassland of Festuca 
ovina and other grasses, but so over-grazed for centuries by camels, 
horses, goats, sheep, and cattle that it now supports chiefly unpalat-
able and almost worthless Artemisia with a habit much like our 
Artemisia frigida. Here the carrying capacity could be restored, for 
the over-grazing on these great flat lands has not resulted in great 
soil loss. The surface is trampled and bare, but still the soil remains 
to be revegetated. The climate and soil could maintain a grassland, 
but it will probably require half a century to be fully re-established. 
10. The Sage Brush Deserts of Utah. Somewhat similar to the creosote 
bush fans of the southern desert. Here for the most part the drainage 
from the watershed above seeps through the fan, but in times of flood 
tears a new channel through, destroying all vegetation and leaving a 
new scar to be tied down by the vegetation. Repeated burning and 
heavy grazing may result in complete destruction of the sage brush 
and vegetation cover and the fan being cut by a deep erosion chan-
nel. Under any system of reasonable management these areas will 
not require engineering work for their control. 
11. San Simon Valley of Arizona. A desert grass cover washed during 
heavy rains by sheet water runoff on sloping land. The grasses re-
tard the overflow, and the rooted tufts furnish sources of easy pene-
tration. As a rule, water penetrates readily, and after a rain no water 
is left standing on the surface. The water spreads out in shallow, 
broad drainage courses where the added penetration suffices for a 
denser sod cover. Additional protection is thus given at the point most 
needed. Under natural conditions there is a continual tendency for 
the drainage channels to be tied down with mesquite, Bacharis, and 
coarse grasses, and the broad overflow channels to be held by a good 
grass cover. Over-grazing destroys the rate of penetration of water 
into the soil, and where vegetation is destroyed and the surface is 
puddled by trampling, increased runoff causes cutting along water 
channels and the ultimate gullying and destruction of surface soil of 
the whole area. Control of grazing is essential for either maintenance 
or recovery. Engineering work to spread the water may hasten 
natural recovery. Erosion destruction of surface soil can and should 
be stopped. 
12. The Tehachapi Valley of California. Here a native bunch grass cov-
ered the slopes and hills and held the soil in place, producing a thick 
mat of vegetation with roots firmly anchored, so that a heavy rain 
could do little damage to the upper reaches, and only when water 
combined to flood the low places could damage be done. Now the 
perennial grass is gone, a heavy rain starts rivulets which cut at once 
into the soil, and the hills, which were once smooth and over which 
360 H. L. SHANTZ 
sheets of water may have washed wtihout destruction, are now 
ribbed like a corrugated roof. Each rain increases the depth and 
length of the rivulet, until larger cuts are established. The soil, de-
veloped under a bunch-grass sod, is now being rapidly washed from 
place and carried down. The rate of revegetation here has not been 
determined insofar as I know, but it will, if we use the history of the 
great California grassland valley as a guide, never again be occupied 
by the original perennial grasses, but will each year grow an annual, 
short-lived weed grass growth which affords almost no protection 
at the beginning of the rainy season. The chances of protecting the 
area from almost total destruction passed when the last of the peren-
nials were killed out. Revegetation is always possible, but here 
seems to be exceptionally slow. Here protection of the soil is a mat-
ter of retaining the grasses, and these can only be retained by pre-
venting excessive grazing. 
13. Sacaton and Elymus Flats. Sacaton in the southern desert and 
Elymus in the northern desert are two great grasses which covered 
the rich bottom soil piled in by erosion from the adjacent hills. 
Neither grows on alkali and therefore they are confined to well-
drained bottom lands. Floods from the hills, even with a consider-
able amount of silt, could spread out over these flats, and although 
the slope might be considerable, the coarse bunches of grass hold 
against soil cutting. Many of these great bottoms are now' changed 
to a wide sandy wash with banks occupied by desert growths of creo-
sote bush in the south, and sagebrush in the north. The washes are 
cutting down the banks and widening each year. 
There are probably two chief factors at work here. The over-
grazing of the higher lands adds to the bulk of the flood water. This 
alone would probably have added to the density of growth of the 
sacaton or Elymus, but fire destroys the tops of these grasses when 
dry and possibly improves the value to grazing animals in making 
the young growth available. Fire and over-grazing have destroyed 
much of the grass in these great bottoms. The water has cut chan-
nels and the flooding or natural water spreading stopped. These flats 
have disappeared. So great is the volume of water poured through 
some of these big washes that to spread it out as formerly seems an 
almost hopeless task. Most of the engineering is done to force re-
tention in the present channel. This seems nearly an impossible 
piece of work. Control of grazing and fire would easily have avoided 
the present condition. One can see no easy or practical method now 
of securing a return to the original condition. 
14. Tobosa grass flats. On relatively flat land in Arizona and New Mex-
ico, where water flows over and stands for a time on the surface and 
then slowly penetrates, Tobosa (Hilaria mutica) forms a dense, wiry 
mass. It is not easily killed out, but can be completely destroyed by 
heavy grazing. Naturally no erosion will take place here and if 
protected, the grass cover will in time be established. It is prob-
able that artificial means could be employed to greatly increase the 
rate of recovery. 
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15. Tussock grass flats. These are similar to the above but generally re-
quire more water and an alkali land. This (Sporobolus aeroides) is 
one of the best grazing grasses of the desert regions and with only 
moderate protection can be retained in a productive state. These 
areas will not successfully produce any other grass. 
16. Short grass and desert grass plateaus of New Mexico. A sparse cover 
of Bouteloua gracilis and Bulbilis dactyloides in eastern New Mex-
ico maintained itself until badly over-grazed. The same is true of 
black grama (Bouteloua eriopoda) grass areas on the desert plains. 
Now these grasses have been largely replaced by Gutierrezia, and 
the range cannot be returned to its original carrying capacity for 
many years, probably twenty to forty years at least. Similar areas 
in Arizona are almost useless as range land when compared with the 
original condition. Heavy grazing during dry years has resulted in 
this destruction. Careful range management would have richly re-
warded the rancher who practiced it. Protection and careful man-
agement could improve this range, but the recovery will be exceed-
ingly slow. 
17. The John Day country of Oregon. A short growing season and a grass 
cover of high palatability, characterizing grasslands with forest 
boundaries such as we find in the John Day country or, for that 
matter, at the V. T. meadow on the Kaibab in Arizona, offer a con-
dition in which the best species can easily be killed out and the less 
palatable and desirable species like Antennaria take their place. 
Often total destruction leads to loss of surface soil, but in all cases 
the production of feed is soon greatly reduced from a carrying capac-
ity of 300 to 600 sheep per section to a small fraction of that number. 
Careful management of this range and control of grazing will main-
tain a high carrying capacity and protect the soil from erosion damage. 
18. Sand lands of eastern Colorado. Here heavy grazing and trampling, 
especially about watering places, may start blowouts by entirely de-
stroying the vegetation. Heavy grazing may kill out the taller 
grasses and reduce this Andropogon grassland to a short grass cover 
of Bouteloua. Still, it is hard here to destroy the vegetation entirely, 
and the reduction of the carrying capacity and increase of unpalat-
able Artemisia filifolia is the chief result. Here control of excessive 
grazing would lead to good results. 
19. Badlands of the Dakotas. These badlands were not caused by over-
grazing, but are the result of natural erosion. The surface soil 
is destroyed and again established at a lower level. In places five 
developed levels can be found, the short grass fully established and 
the soil profile developed at each level. It is doubtful if any amount 
of engineering or range control could stop this condition. Although 
it looks much like induced erosion damage in the South, it is a more 
nearly natural phenomenon. 
20. The high plains. This year parts of Kansas were picked clean of vege-
tation as a combined result of drought and heavy grazing. Occasion-
ally the gentle slopes have shown erosion channels, but these chan-
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nels have been immediately filled with Russian thistle and will be 
promptly tied down by this plant more effectively than would be pos-
sible by a great amount of engineering work. There is little danger 
of water erosion on the high plain. Wind abrasion of clean cultivated 
fields is common, but even here the remaining soil material proves 
almost as good for crop production as the natural surface soil. 
21. Tallgrass lands of the Transvaal. A destruction of this grass cover 
results in a secondary succession leading back to a re-establishment 
through much the same stages as occur in our high plains, but this 
return seems to be more rapid. Burning, followed by close over-
grazing, will rapidly destroy the grass cover. Burning is therefore 
being discouraged by the best practices. Good management will in-
sure protection of soils here by a dense grass cover. 
22. Yellow pine land is usually protected by a scattered growth of grama 
grass, Poa, Muhlenbergia, and many small herbaceous and woody 
pants. The cutting of yellow pine does not result in a great change of 
the ground cover, but as a rule there is no great danger of erosion 
destruction over the yellow pine areas if the grasses are not destroyed 
by over-grazing. 
23. Spruce-fir lands. Here the openings are covered with a grass and 
herbaceous plants which are easily destroyed, but the destruction of 
the forest results usually in a rapid re-establishment of fireweed, 
aspen, grasses, and finally the original forest. So rapid is this recov-
ery in the early stages that unless fires are continually repeated or 
over-grazing permitted, the vegetation will prevent erosion loss. 
24. Oak forests of Maryland. A field left fallow will usually be covered 
with a fairly dense weed growth the first year, and little damage will 
result from erosion if the vegetation is protected. Soon Andropogon 
replaces the weeds, field pine the Andropogon and the pine is re-
placed by oak in less than a century. 
25. Cut-over pine lands of Michigan. Here land cut over and burned re-
peatedly has been so depleted that only with difficulty can pine be 
re-established. Still, this sand land produced most valuable forests 
under natural conditions, and this productivity could have been main-
tained by proper methods of forestry. Here the soil has been de-
stroyed, not by erosion, but by continual fires. 
26. Tropical rain forest. Destruction of this forest requires a combina-
tion of cutting and burning and usually cannot be accomplished in-
side of one or two years. Even if reduced to clean cultivation it 
rapidly returns through well marked stages to a forest type. There 
is little danger of soil loss. 
27. Temperate rain forest. A great and varied forest occupying for the 
most part steep mountain sides. Here crops are grown for a few 
years. When abandoned, it is rapidly covered by bracken and brush 
and vines and returns to a forest type. So rapid is this re-establish-
ment of plant cover that erosion damage is very slight. 
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28. Mountain grasslands of Central Africa. Here soil conditions are much 
the same as in Temperate rain forest, and these grasslands are prob-
ably the result of destruction of that forest followed by frequent fires. 
Here the soil may erode away as in some of our southern states. 
Usualy this erosion is started by paths or over-grazing or some un-
natural cause. Protection of the grass cover would entirely prevent 
destruction of the soil under this type. 
This brief resume of conditions in a number of widely separated 
regions serves only to show how different must be the method of attack 
if we are to prevent damage to already well developed soils. It should 
also indicate caution in undertaking improvement where there is little 
likelihood of success and where no useful purpose would be served by 
attempting to control erosion. 
With no desire to minimize the need of engineering work in connec-
tion with flood control and the control of erosion damage, it is to the 
agronomist, the forester, and the range ecologist that we must look for the 
major part of the work in the solution of this problem. In other words, 
it is largely a matter for the botanist who knows and understands the 
functions of the various plants, in the formation and holding in place of 
the soils in question. Secondary succession, an almost academic study a 
few years ago, must become of major practical importance if we are to 
return our non-cultivated lands to a stable condition. To maintain our 
cultivated fields, our agronomists must look to the problem of protecting 
surface soil from loss by sheet or gully erosion. The problem confronts us 
today becase we have failed to develop the proper practices in the years 
gone by. The seriousness of the question of soil erosion is commensurate 
with the degree of our neglect. 
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It is well known that on rolling lands where the plant cover is seri-
ously disturbed by farming practices erosion frequently becomes very 
rapid and destructive. The purpose in this paper is to set forth certain 
changes which are taking place in the vegetative cover on severely eroded 
and abandoned farm land in southeastern Ohio. This land had been used 
for livestock farming. Due to its topography, certain tracts had been kept 
in permanent pasture and the more level land in continuous cultivated 
crops. As a result, most of the upper A horizon has been lost by erosion. 
The pasture areas had deteriorated through overgrazing, scant fertiliza-
tion and improper rotation until the more palatable grasses have disap-
peared, giving place largely to weeds and grasses of little forage value. 
In this study a 30-acre unit on one of these farms was mapped, defining 
the forest areas with the shrub borders, the various types of grasss and 
the land defaced by gullies. Transects were made through types of forest 
and shrub associations and quadrats were used for a more detailed study 
of the herbaceous communities. Near each of the quadrats soil profiles 
were obtained in order to show the relation of vegetative cover to the 
extent of erosion. 
LOCATION AND DESCRIPTION 
The particular farm studied passed out of cultivation twenty-five 
years ago. It lies within Salt Creek Watershed five miles northwest from 
Zanesville in Muskingum County in the dissected plateau between Lick-
ing River and Timber Run, Section 19, T. 1 N; R. 8 W. (Falls township). 
This is in the more subdued western part of the Allegheny Plateau 
where the land has been maturely dissected until it consists of variously 
shaped blocks and remnants of table land. Here and there are narrow 
ridges and somewhat steep-sided valleys from 200 to 300 feet deep and 
rather limited bottoms. The soil was originally a reddish silt loam from 
6 to 8 feet deep in the A horizon and from 15 to 20 feet or more of rather 
heavy silt loam in the B horizon. 
RESULTS 
By natural drainage units the land embraced in this study may be 
placed in three distinct divisions, slope No. 1 toward the north, used 
heavily for cultivated crops; slope No. 2, toward the east and old meadow; 
and slope No. 3, a southwest aspect the upper and lower portions of which 
were once in cultivated crops with pasture in between on the steepest 
part (Pl. I, fig. 2). The gradients are generally slight on the upper part 
of the slopes, rather steep with 25 to 30 per cent gradients at the middle 
[365] 
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Fig. 1. Map of the abandoned farm where cultivation ceased 25 years ago. 
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Fig. 2. The aggrading series in the shrub border. 
sections and decreasing again to 10 or 12 per cent and less near the toe or 
bottom. 
At present the native vegetative cover falls into several distinct com-
munities and associations (see map fig. 1 and table 1). It should be noted 
that the numbers 1 to 7 in table 1 represent revegetative or aggrading 
seres, processes which will eventually arrest erosion when grazing is ex-
cluded, and that the numbers 8 to 11 are communities of native grasses 
which present degrading seres that will yield place to the invading shrubs 
and forest trees. The series of the native grasses reflect deteriorating soil 
conditions or stages of soil erosion. 
TABLE 1. Present vegetative communities on area mapped 
Community Acres Percentage 
1. Forest 8.19 26.8 
2. Tall shrub (sassafras, etc.) .25 .8 
3. Low shrub (sumac, etc.) 1.05 3.4 
4. High blackberry 3.37 11.0 
5. Dewberry 1.05 3.4 
6. Weeds 3.48 11.3 
7. Gully erosion 3.39 11.2 
8. Poverty and beard grass 6.29 20.5 
9. Red-top 3.o7 10.0 
10. Blue-grass .50 1.6 
Total 30.64 100.0 
Note: The laying out of the tract itself in respect to hill tops, slopes and valleys 
would affect the proportion of each unit or community to a very large extent; for 
example, if the plot had been extended eastward over the higher ground and top of 
the hill a much larger proportion of the blue-grass would have been included. This 
relative proportion of blue-grass is not significant and not represntative of the true 
relation that this community bears to the other grass communities. 
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THE FOREST AND FOREST BORDERS 
The wooded areas which constitute the aggrading seres are now · 
two locations; the bottoms, where at the time of actual farming operation 
a few scattered trees of white oak, white and red elm, black walnut, shag 
bark hickory, black gum, willow, poplar, etc., remained; and the hill-to 
above slope No. III. 
Seal~ 
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ROOT SPREAD OF DEWBERRY. 
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Fig. 3. Roots and stolons of dewberry. 
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Nut trees do not depend upon the advance of the low or high shrub 
border to become established, but are seeded directly by squirrels and 
thus pioneer to considerable distances from the forest or woodlot. Hick-
ories usually spread by this means downward over southerly slopes and 
sometimes upward the same from trees standing below. Black walnut is 
extending upward along the more moist valleys or bottoms, the seed be-
i,ng carried from trees which remain on the lower parts of the slope or in 
the draws. 
Other forest trees than those mentioned above except oaks and elms, 
do not generally invade open and exposed areas on poor soil unassisted 
by the shrubs. The high shrub border which stands between the trees 
and the low shrub sere is composed of many dwarf treees, and tall shrubs, 
sassafras being one of the most common with varying proportions of haw-
thorn, wild plum, etc. The low shrub border, which advances ahead of 
the tall shrubs, runs heavily to sumac (Rhus glabra L.) hazelwood, 
(Corylus americana Walt.), red root (Ceanothus americana L.), high 
blackberry (Rubus allegheniensis Port.), and roses, etc. 
In most cases when the shrubs originate in the open away from the 
timber the first plants are cinquefoil (Potentilla procumbeus Sibth.) and 
dewberry (Rubus procumbens Muhl.) These two are almost invariably 
found together and are very active and efficient in covering exposed soil 
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of low fertility. They drive out the weeds and prepare the ground for the 
low shrubs, which in turn pave the way for the tall shrubs and eventually 
the trees (fig. 2). 
The natural sequence of the succession, therefore, whether the re-
vegetation takes place from the forest as a border or independently out 
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Fig. 4. Root habit of blackberry. 
in the open, is: (1) dewberry and cinquefoil; (2) rose, hazlewood and 
high blackberry, etc.; (3) tall shrubs and dwarf trees, and (4) the forest. 
Black locust and Ailanthus frequently function in the tall shrub border. 
The former much more often than the latter, especially of dry sites. 
Tillage has in many instances interrupted the natural and regular 
orientation of the successional belts or seres, rendering it difficult to 
recognize the true relations. Nevertheless, the trend is there and the 
progression continues. 
It is fortunate that practically all of the low shrubs and sassafras are 
propagated by birds and spread by root runners or root shoots. This 
makes them doubly efficient in driving out the blackberry and preparing 
the site for the trees. Sumac, especially, takes root readily everywhere 
on dry land and multiplies rapidly (figs. 3, 4 and 5). Annual roots of the 
blackberry have been measured up to six and seven feet in length. From 
observations on other areas within the county it is concluded that this 
species reclaims cleared forest land with great rapidity, following the 
early succulent weeds in short order and occupying the land for a time 
(fig. 4). Oaks and hickories are sometimes seeded by squirrels among the 
berry patches. 
Dewberry (Rubus procumbens Muhl.) in most cases appears to be 
a forerunner of the high blackberry. It also is seeded by birds in new loca-
tions and spreads both by trailing stem and by root sprouts. The trail-
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Fig. 5. Root extension of sumac. 
ing stems may grow nine feet in a season, take root, and become centers 
for spread the following season. Cinquefoil, with which dewberry is often 
associated, spreads in the same manner, but not so rapidly. Both of these 
species advance in pure and dense formation and will grow with less 
moisture and on poorer soil than other species. For these reasons they 
become very important agents in reclaiming wornout farm lands. 
Weeds of the fields are less desirable and less effective plants for ero-
sion control than grasses. The more common weeds on such areas are 
the goldenrods, asters, long-bracted plantain, ragweeds, sheep sorrel, 
Canada blue-grass, wild carrot, yarrow, poverty grass and triple awn 
grass (table 2). Though the different species differ in point of time of 
most rapid growth, root and top development, grazing value and xero-
phytic rating, some of them serve useful purpose in revegetating the 
smoother slopes, the heads of gullies, and areas around dams. 
Many species of weeds are able to tolerate very poor growth condi-
tions, often persisting where erosion has progressed deeply into the B 
horizon. However, where they grow on the poorest soils, they are rela-
tively ineffective in preventing sheet or gully erosion. In addition, many 
of these are annuals and therefore are undeveloped when much of the 
heavy rainfall occurs. 
THE NATIVE GRASSES 
Slope J, formerly used for clean cropping, has now been largely re-
claimed by the various native grasses. Relative tolerance of these grasses 
to soil and surface conditions as shown on this slope and elsewhere 
throughout the Salt Creek watershed has resulted in a degrading series 
TABLE 2. Data from one quadrat in each community 
Blue-grass Bluestem I 
Weeds-
community Meadow poverty grass poverty grass poverty grass 
No. Area No. Area No. Area No. Area No. Area 
Species plants dm' plants dm' plants dm' plants dm' plants dm' 
Blue-grass 
Poa pratensis L. 102 49.82 
Yarrow 
Achillea millefolium L. 30 9.57 8 0.72 19 1.67 5 0.70 
Sheep sorrel 
Rumex acetosa L. 14 3.36 54 6.01 3 0.94 5 0.48 
Panic grass 
Panicum sapillare L. 8 3.41 20 6.37 8 0.76 7 1.87 
Beard grass 
Andropogon virginicus L. 23 13.88 17 15.12 17 7.86 
Aster sp. 19 5.28 
Wild carrot 
Daucus carota L. 15 4.51 7 1.34 
Golden rod 
Solidago riddellii Frank 9 1.51 2 1.00 5 0.70 
Pennyroyal 
Hedeoma pulegioides L. 9 1.06 7 1.94 15 1.09 5 0.63 
Foxtail 
Setaria glauca L. Beauv. 19 2.11 
Poverty grass 
Danthonia spicata L. Beauv. 54 4.81 70 12.37 28 4.01 
Ragweed 
Ambrosia artimisifolia L. 1 0.28 
Spurge 
Euphorbia sp. 12 0.80 
Plantain 
Plantain lanceolata 45 7.67 
Miscellaneous weeds 11 2.63 17 2.16 20 4.03 
Miscellaneous grasses• 2 0.43 5 0.64 
Total No. plants 154 195 86 163 127 
Percentage area covered 66.16 45.41 24.52 27.19 21.59 
• Orchard grass. Canadian blue-grass. 
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Fig. 6. The soil profiles under the degrading series of native grasses and weeds. 
from Kentucky blue-grass to poverty grass and weeds. Where the soil 
of horizon A is still present in considerable quantity, blue-grass (Poa 
pratensis L.) usually invades. On the upper location on Slope I, Kentucky 
blue-grass occurs, in some spots mixed with small groups of Canada blue-
grass. Directly below this is a zone of red-top (Agrostis alba L.). Its posi-
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tion is near the shoulder and upper part of the hillside. Below the red-top 
belt are dense stands of beardgrass, also called bluestem (Andropogon 
virginicus L.), with much triple-awned grass (Aristida oligantha Mich.) 
on newlyburned patches. On the lower part of the beardgrass strip and 
encroaching upon the lowest belt, the weed association, was a belt of 
poverty grass (Danthonia spicata L. Beauv.). 
This vertical stratification of the native grasses is evidently an index 
of similar contour strips of soil conditions. Stewart (2) has studied the 
chemical and physical conditions of the soil upon which these different 
grass associations thrive and has found a definite relation of higher acid-
ity, less water absorption and less available nitrogen and phosphorus in 
the soil covered by the grasses of lower palatability. The soil on which 
blue-grass is growing is the closest to the neutral in this series, and the 
soil on which poverty grass is growing the most acid of the series. 
During the summer the writer made an attempt to map certain quad-
rats of representative grass compositions. Two of the five quadrats were 
laid out on the Northwestern Appalachian Soil Erosion Experiment Sta-
tion, the next two on slope I, and the last on slope III on the farm where 
the studies in spread of shrubs were made. The results are given in the 
form of graphs and tables in the following pages. (It must not be sup-
posed that these plots, chosen with the idea of picturing the conditions, 
represent actual averages.) The series show a fairly regular decreasing 
density of ground cover from the blue-grass to the poverty grass and 
weed stages. By a correlated sampling of the soil presented in profile there 
appears also a degrading sequence from the hardwood and blue-grass soils 
to that of the poverty grass and weed soils. 
Where Kentucky blue-grass is growing, the absorption is enhanced 
by a porous structure of the soil, particularly of the A horizon. The ar-
rested surface flow here is also instrumental in favoring absorption of 
water. In the case of weed areas and poverty grass, the thin cover allows 
the rain water to rush over the surface, and less porous soil prevents rapid 
absorption. The difference in the absorption of rain water by these soils 
was brought out forcibly by measurements of water penetrations follow-
ing the heavy rains of August 2. After 2.38 inches of precipitation during 
the early hours of the morning, it was observed that the penetration of 
soil in the hardwood timber was eight inches, in blue-grass soil seven 
inches, clean culture of corn five inches near the plant itself and three 
inches elsewhere, on bare, badly eroded soil from one and one-half to 
two inches. 
In looking over the quadrats and tables remarkable differences are 
found in the ground area actually covered by these plant associations. 
In case of the blue-grass plot the percentage of the total area occupied 
by the vegetation is 66.16; in the poverty grass plots from 24 to 27 per 
cent; and in the weed plot 21 per cent. It is clear that when the soil has 
been depleted by heavy grazing, in the process of which the more palat-
able grasses are gradually eliminated and the poorer ones left to repro-
duce, erosion readily sets in, the result being that gullies are developed. 
This is the condition found on slope I. 
The differences brought out by the density charts bear directly on 
the grazing quality or the carrying capacity of the land. Clements (3) 
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has listed forage values for these grasses showing that in the matter of 
ash content, ether extracts and crude protein composition Poa pratensis 
ranks higher than Aristida, Andropogon and Danthonia. 
It would be misleading to present actual figures on the carrying 
capacities of the range as represented by these plots. However, it is a 
safe assumption that the blue-grass pasture, by virtue of its greater cover-
age, more rapid growth, and greater nutritive qualities, would support 
from four to five times as many head of stock as the beard grass-poverty 
grass pasture. From the standoint of evaluating the range in carrying 
capacity we should bear in mind the matters of density, composition, rate 
of growth and nutritive value of the grasses. The natural result of poor 
pasture management is, of course, a change in the composition of the 
grasses toward the least desirable and to weeds, and the invitation of 
sheet and gully erosion. 
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Fig. 7. Density charts from quadrats in native grasses and needs. 
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In the maintenance and rehabilitation of the pasture, the Agricul-
tural Extension Service in Ohio has shown that complete fertilizers and 
phosphates in particular are very effective, and that an application of 
from 150 to 375 pounds of complete fertilizer per acre increases the pro-
duction of beef and milk and the density of the vegetative cover mate-
rially. 
The prevalence and great abundance of the Andropogon or bluestem 
areas throughout the Salt Creek watershed may be explained by the low 
palatability and poor succulence of this plant. Palatability is of great im-
portance in determining survival of a grass. A plant of relatively high 
yield and nutritive content may remain untouched in a community of 
more palatable species, while it may be completely utilized when it forms 
a pure community or stand or occurs in the absence of more succulent 
forage. Bluestem is seldom eaten when other grasses occur in the mix-
ture. As a consequence foxtail, blue-grass, legumes and succulent weeds 
are removed from the range. An increase in the proportion of beard grass 
and poverty grasses is the inevitable result. It is not unusual to see entire 
fields completely covered with a dense, pure stand of this grass. The 
poverty grass and triple awn grass represent the poorest grasses of gen-
eral occurrence. They are very low in nutritive value and palatability, 
occurring mostly on the exposed B horizon where the land is not even 
suitable for many of the common weeds. 
Lichens grow on some of the driest and most sterile locations, often 
being the first pioneer plants in such situations. Where weeds and poverty 
grass cannot survive, lichens enter, provided erosion is not active. These 
plant combinations of algae and fungi exist because of tolerance to 
drought, efficiency in water absorption, and through solution of minerals 
in rocks by carbonic acid formation. During the severest droughts they 
pass into a resting stage. Suitable habitats for these plants occur along 
the edges of breaks of gullies and at the lower fringe of the weed and 
poverty grass communities. 
GUILIES 
The most critical parts of the area from the standpoint of erosion are 
the deep gullies which are spreading at the present time because of the 
sparse plant cover, the lost A horizon and continuance of sheep grazing. 
Here the rate of erosion has progressed faster than plant invasion. Dur-
ing the last year the sheep have been excluded and some planting of black 
locust and Norway pine attempted in the worst gully. Judging from the 
success with black locust planting in similar situations on other farms in 
the vicinity it appears that erosion can in this manner be permanently 
arrested. The healing and revegetation is naturally hastened by construc-
tion of check dams. 
SUMMARY 
Many farms in southeastern Ohio where intensive cultivation and 
pasturing have been in progress for the last 100 years or more show 
in most cases severely depleted sudace soil and a distressing degree of 
gullying. 
376 J, A. LARSEN 
Studies which were made on one farm which has not been cultivated 
for about twenty-five years show unmistakable trends and tendencies in 
the rate and manner of revegetation and reclamation by the invading 
seres of the native vegetation. 
Where cultivation and grazing have been discontinued the natural 
vegetation reclaims the depleted areas at a very encouraging rate, tending 
to rebuild the eroding soil. In the process of rebuilding or aggrading, the 
first species to cover the surface are the cinquefoil and dewberry. These 
are followed by high blackberry and later by a low shrub border of sumac, 
hazel, rose and other species. The low shrub border gives way to the tall 
shrubs or dwarf trees and eventµally to the forest trees. The spread of 
the forest is up the hill from the bottom or downward from the hill top 
according to the species in regular successional aggrading seres. The 
forest trees also seed in where scattered nuclei of shrubs have taken hold 
in the open fields. The low as well as high shrub border are very aggres-
sive in that th~y spread by root extension and suckers advancing ahead 
of the forest into the open and abandoned areas now occupied by weeds 
or poverty grasses. 
Old fields and like areas show stratification of the reclaiming grass 
communities in the degrading series from Kentucky blue-grass to red-top, 
bluestem, poverty grasses and weeds. The first 0£ these is found where 
the deep and porous loamy soil has remained and the last seres on terrain 
devoid of A horizon soil. · 
By virtue of the denser vegetative cover of about 60 per cent and 
the po~ous nature of the soil underneath, the blue-grass areas absorb con-
siderably more of the rain water than the soil covered wiht poverty grass 
or weeds. Naturally, where less of the rain water is absorbed by the soil 
more of it runs over the surface and becomes instrumental in causing 
erosion. For these reasons we find erosion gullies developing to a maxi-
mum degree on areas covered by weeds and poverty grass. 
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PLATE I 
Fig. 1. The topography is in the nature of a dissected plateau with most of the 
cultivation on the table lands and bottoms; timber and pasture on the slopes. 
Fig. 2. Abandoned farm revegetating from the forest on the hilltop and from the 
bottom stream. 
Fig. 3. The eroded hillside where years of clean cropping has reduced the A 
horizon, increased the native grasses and weeds which do not hold the soil. · 
REVEGETATION ON ERODED SOILS IN SOUTHEASTERN OHIO 377 
PLATE I 

THE RELATION OF THE STAGES OF PLANT SUCCESSION 
TO SOIL EROSION 
J. M. AIKMAN 
From the Department of Botany, Iowa State College 
Accepted for publication November 16, 1934 
From a study of geological evidence the conclusion may be drawn 
that the surface of the earth was at one time devoid of plant cover and 
that it gradually became covered with vegetation by the development of 
successive stages of plant growth from simple to more complex types. 
Observations of the development of vegetation on bare surfaces in short 
periods of time, give added weight to this conclusion. 
To facilitate such studies the process known as plant succession has 
been arbitrarily divided into stages based on type of plant cover present 
in each stage. Since, as has been established in general, the rate of soil 
erosion decreases with the increase in total plant cover, it may be assumed 
for the purpose of our study that each succeeding stage of plant succes-
sion, which results in an increase in plant cover, has a greater erosion-
prevention capacity than the preceding one. The purpose of this paper is 
to report the results of a series of observations made upon a number of 
sites representing stages in plant succession, to determine the extent of 
changes induced by the plants which may be effective in preventing ero-
sion. 
MATERIALS AND METHODS 
The early stages of plant succession on rock surfaces are separated 
in time by periods of hundreds to many thousands of years and the later 
stages by tens to hundreds of years, depending on the structure of the sub-
stratum, the climate and the plants involved. In our study sites were 
selected which are separated in space rather than in time, but which rep-
resent stages in regular succession. Many such sites were available on the 
sandstone ledges and on sandy soil resulting from their disintegration in 
The Ledges State Park which is situated about four miles south of Boone, 
Iowa; from these were selected sites typical of each stage of the succession. 
At least some of the sites representing each stage were on slopes as steep 
as 45 per cent. The diagram in figure 1 is a graphic presentation of the 
stages of the xerosere represented by the sites selected. The tree stages 
which are shown as the climax in the area studied, are considered by some 
to be post-climax stages induced by the more favorable habitat on slopes 
bordering streams. 
Habitat changes, induced by the development of vegetation, which 
may be considered most important in the prevention of erosion, were in-
vestigated as follows: (1) percentage of plant cover; (2) depth of soil; 
(3) water-holding capacity of the soil; (4) wilting coefficient of the soil 
(the percentage of water remaining in the soil at permanent wilting of the 
plants); (5) total organic matter in the soil. 
Percentage of plant cover was computed by the total-square method 
. from quadrat charts plotted on engineer's graph paper. The area of the 
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quad.rats studied was one square decimeter for the lichen stages, and one 
square meter for the later stages. 
Water-holding capacity of undisturbed soil was determined by forcing 
into the soil a metal cylinder and removing a core of soil, one square 
decimeter in area and of one decimeter in depth and measuring the quan-
tity of water in cubic centimeters which was held by this core against 
gravity. For comparison with these results, the laboratory method was 
employed in obtaining the water-holding capacity of coarsely screened 
composite samples of soil taken from each site. 
The hygroscopic coefficient was used as a basis for the computation 
of the percentage of water remaining in the soil of each site at the sage of 
permanent wilting of the plants. The formula used: 
Hygroscopic coefficient 
Wilting coefficient 
.68 
Total organic matter was determined by computing the percentage 
of weight lost when oven-dry soil was heated in an electric furnace. 
EXPERIMENTAL RESULTS 
The successional development of plant cover results in definite modi-
fications of the habitat. Each stage of plant growth produces a greater 
quantity of vegetation than the preceding one. This quantitative increase 
in amount of vegetation is chiefly a result of increase in height which is 
possible because of the greater depth and fertility of soil resulting from 
the disintegration of the underlying rock which, in this experiment, was 
sandstone. 
PERCENTAGE OF PLANT COVER 
In the early stages of succession (the lichen and moss stages) the 
percentage of plant cover may be high (table 1) because there are no 
tall plants to shade the substratum. After the advent of higher plants in 
the xerophytic herb and grass stage the dense, but low cover of lichens 
and mosses is shaded out. From the moss stage to the end or climax, there 
is a gradual increase in percentage of plant cover as shown in table 1. 
Height of plants and resulting total weight of plant cover increases from 
the first to the final stage of the succession. Stages of the xerosere from 
the initial lichen stage to the post-climax stage (linden-maple association) 
are shown in figure 1. The crustose lichen stage is important in producing 
the first thin layer of soil (1-2 millimeters in depth). The quantity of soil 
of this stage is so small that it was not studied. In plates I and II are shown 
views representing the gradual change of plant cover as it occurs in nature. 
DEPTH OF SOIL 
Depth of soil gradually increases from the earlier to the later stages 
(table 1). The first two stages have no root development but beyond this 
stage the gradual increase in quantity and depth of roots is one of the chief 
factors in the increase in soil depth. The presence of these roots also 
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contributes to the holding of the soil which is an important property of 
plant covers in the prevention of erosion. Height of plants and resulting 
total weight of the plant cover increases from the first to the final stage 
because of the shading out of lower by higher plants. 
The quantity of duff resulting from dead plant parts increases from 
earlier to later stages because of the gradual increase in the total plant 
cover. Duff is effective in preventing erosion through the protection to the 
soil surface from the force of rain, and through the effect on texture and 
structure of the soil to which it is added. Fertility from this decomposition 
contributes to a gradual increase in quantity of plant cover from the 
initial to the climax stage of the succession. This increase in the density of 
the plant cover contributes to its erosion-prevention capacity by breaking 
rain drops into spray and by means of the soil holding capacity of roots. 
The depth of soil increases more rapidly in the later stages because the rate 
of loss by erosion is greatly reduced and the rate of increase in soil depth 
is accelerated by the addition of larger quantities of duff and by deeper 
penetration of roots. 
WATER-HOLDING CAPACITY OF THE SOIL 
The addition to the soil of plant parts which become decomposed, 
increases the water-holding capacity of the soil. This is illustrated in 
table 2 by the increase from a water-holding capacity of 24.5 per cent in 
scraped sandstone, to one of 45 per cent or greater for soil from the same 
kind of sandstone in which plants are growing. The percentage of water 
held by the soil of the lichen stage is very high because it was impossible 
to separate the lichens from the samples studied. The relatively high 
water-holding capacity of the moss and fern stages may be attributed to 
the high proportion of dead plant material in the soil. In each succeeding 
stage above the moss stage there seems to be a consistent increase in 
water-holding capacity for the upper decimeter of soil. However, the 
difference is so small that any important increase in water-holding capacity 
in the higher stages of succession, insofar as it affects erosion control, 
results from an increase in soil depth rather than from an increase in 
quantity of water held per unit of soil. With the increase in soil depth 
an added burden is placed on the vegetation, i. e. to hold the soil against 
erosion; but this increase in depth is accompanied by an increase in the 
volume of vegetation which in turn results in greater erosion prevention 
capacity. 
The field method of determining the water-holding capacity of un-
disturbed cores of soil gives more accurate results for the actual water-
holding capacity in the field than does the laboratory method. These 
results, presented in table 2, show less difference in water-holding capacity 
of the different stages than do the results of the laboratory method, and 
more clearly emphasize the fact that the increased depth of soil in the 
higher stages accounts for the greater water-holding capacity of the site. 
In tests for the moss stages, the moss plants were left in place on the soil in 
the cylinder and in the higher stages, the duff was left in place. 
WILTING COEFFICIENT 
Measurements of water-holding capacity should be expressed in 
terms of available water if the relation of the habitat to the plant cover is 
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to be determined. The results reported in table 2 show that the growth 
of plants on the substratum increases the percentage of water in the soil 
at wilting (non-available water) as well as the water-holding capacity of 
the soil. However, the increase in water-holding capacity is so much 
greater than the increase in non-available water that the difference be-
tween the two shows an increase in the available water induced by the 
presence of plants. The available water m the scraped sandstone in the 
saturated condition is only about 24 per cent; while it is about 35 per cent 
for the seven to ten centimeter level of the xerophytic shrub stage, the 
lowest amount of available water in any level of the sites occupied by 
plants. The highest percentage of available water is over 87 in the thin 
soil of the foliose lichen stage, in which the plant bodies of the lichens 
are included. 
TOTAL ORGANIC MATTER 
The columns of table 2 for the water-holding capacity and for the 
organic matter present show a significant positive correlation between 
the percentage of total organic matter present and the percentage of 
water held by the soil, although there are to be noted a few exceptions 
where there is an important difference in organic matter in two soils 
which are approximately equal in water-holding capacity. In these in-
stances there must be a difference in size of particles. 
The five successive stages, in which the plants can be separated easily 
from the soil, seem to be divided as to percentage of organic matter into 
two groups: the xerophytic grass and herb and the xerophytic shrub in 
one group; and the mesophytic shrub, the oak-hickory and the linden-
maple in the other group. This difference is probably attributable to the 
addition each year of greater quantities of dead plant parts from plant 
cover to the soil of the stages in the second group, for there was a marked 
break between the two groups in total mass of vegetation and in percentage 
of cover (table 1) . In the latter group the soil is usually covered by a 
layer of undecomposed or partially decomposed plant parts, varying from 
three to fifteen centimeters in depth compared to a layer in the former 
group varying from one to three centimeters. 
In the sandy soils studied, the decomposed organic matter acted as 
an absorbent of water which is largely available to the plant. Because of 
this fact, the water-holding capacity of the light soil is much increased 
without materially increasing the quantity of non-available water. 
SUMMARY 
Quantitative investigation was made of habitat changes accompanying 
the development of successive stages of xerosere on sandstone ledges 
in The Ledges State Park in central Iowa. 
The area covered by plants in the lichen and moss stages of the 
xerosere varies from one to eighty per cent of the whole. 
The percentage of area covered gradually increases from about ten 
per cent in the xerophytic herb and grass stage to ninety-six per cent in 
the climax maple-linden stage. 
The vegetation of successive stages is progressively higher in growth 
and the depth of soil is progressively greater. 
TABLE 1. Height of vegetation and percentage of cover of eight stage sof x erosere 
Stage of Foliose Reindeer Moss Xerophytic Xerophytic Mesophytic Oak Linden 
the lichens moss species grass and shrubs shrubs hickory maple 
xerosere (lichen) herbs 
Height of vegetation 1-4 mm. 2-4 cm. 2-5 cm. .5-30 cm. 2-140 cm. 5-250 cm. 5 cm. 5 cm. 
50 cm. 50 cm. 
15 m. 18 m. 
Percentage of area 10 
covered 80 75 78 10.5 11.5 43 90 96 
Depth of soil 1-3 mm. 2-12 cm. 3-12 cm. 5-18 cm. 1-25 cm. 2-40+ cm. 20-200+ cm. 50-400+ cm. 
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Vegetation of the lichen and moss type is more effective, per unit of 
plant material, in increasing the water-holding capacity of the soil of their 
habitat, than vegetation of higher plants. 
Any increase in the total water-holding capacity or in the quantity of 
available water in the soil of the higher stages of the xerosere over that 
of the lower, appears to be attributable to increase in depth of soil rather 
than to any other measurable soil characteristic. 
Examination of several sites representing each stage studied shows 
that under average conditions the vegetation of each stage with the possible 
exception of the xerophytic grass and herb stage, has sufficient erosion-
prevention capacity to control erosion on 45 per cent slopes. 
LINDEN-MAPLE 
Tilia americana Acer nigrum 
i 
OAK-Ill CK ORY 
Quercus alba Quercus maxima Quercus macrocarpa 
Carya ovata Carya cordiformis 
i 
MESOPHYTIC SHRUBS 
Corylus americana Zanthoxylum americanum 
Celastrus scandens Ribes gracile 
Viburnum affine 
i 
XEROPHYTIC SHRUBS 
Rhus glabra Ceanothus ovatus Amorpha canescens 
Rosa pratincola Celastrus scandens 
i 
XEROPHYTIC HERBS AND GRASSES 
Antennaria plataginifolia Aristida sp. Carex sp. 
FERNS 
Camptosorus rhizophyllus 
Polypodium virginianum 
Thalictrum dioicum 
~ 
MOSS 
Polytrichum juniperianum Catharina undulata 
Bartramia pomiformis 
i 
FOLIOSE LICHENS 
Physcia sp. Cladonia sp. 
i 
CRUSTOSE LICHENS 
Lecidia sp. Coniocybe sp. 
Fig. 1. Stage of the xerosere with the dominant species of each stage. 
TABLE 2. Modification of soil characteristics in nine successful stages 
Water-
holding 
Water- capacity 
Hygro- Non- holding Ave. all field 
Depth of scopic available Organic capacity depths method 
soil coefficient water matter Lab.method Lab.method cm.per 
Stage measured percentage percentage percentage percentage percentage cu.dm. 
Scraped sandstone 1-5 mm. .905 1.33 .386 24.6 24.56 223 
Foliose lichens 1-2 mm. 1.937 2.85 36.068 90.7 90.66 
¥oss, thin soil 1-5 mm. 4.645 6.83 8.437 77.3 77.27 450 
Moss, species 1-3 cm. 3.350 4.93 6.614 78.3 
" " 4-6 cm. 3.378 4.97 3.739 59.7 61.38 350 
" " 7-10 cm. 2.277 3.35 2.798 46.1 
Reindeer moss (lichen) 1-3 cm. 2.833 4.17 5.224 69.7 
Reindeer moss 4-6 cm. 2.498 3.67 3.314 53.9 57.78 355 
" " 7-10 cm. 2.168 3.19 3.232 49.7 
Walking-fem 1-4 cm. 8.239 12.13 19.580 108.10 108.10 
Xerophytic grasses and herbs 1-3 cm. 2.903 4.27 5.739 57.6 
" " " 4-6 cm. 1.620 2.38 2.832 46.8 47.93 412 
" " " 7-10 cm. 1.517 2.23 1.873 39.5 
Xerophytic shrubs 1-3 cm. 3.059 4.50 5.762 52.7 
" " 4-6 cm. 2.785 4.03 3.981 43.4 45.39 352 
" " 7-10 cm. 2.798 4.12 4.020 39.0 
Mesophytic shrubs 1-3 cm. 5.545 8.15 9.551 78.2 
" " 4-6 cm. 5.138 7.55 7.985 55.8 59.60 375 
" " 7-10 cm. 3.451 5.08 5.410 44.7 
Oak-Hickory 1-3 cm. 6.118 8.99 10.471 77.0 
" " 4-6 cm. 4.262 6.83 5.921 55.0 59.99 387 
" " 7-10 cm. 3.271 4.71 4.666 48.0 
Linden-maple 1-3 cm. 4.823 7.09 7.586 68.0 
" " 4-6 cm. 4.496 6.67 5.242 61.2 55.86 372 
" " 7-10 cm. 4.208 6.19 8.686 48.4 
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PLATE I 
Fig. 1. A sandstone ledge showing average growth of foliose lichens on a surface cov-
ered with crustose lichens. 
Fig. 2. A close view of a square decimeter of dense foliose lichens. 
Fig. 3. Walking fem invading a site occupied by moss which is invading a lichen area. 
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PLATE II 
Fig. 1. Ground cover of the oak-hickory stage. 
Fig. 2. The xerophytic shrub stage. Rhus glabra, smooth sumach, is the dominant. 
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EFFECT OF SPECIES OF GRASSES AND LEGUMES SOWN AND 
TREATMENT UPON THE POPULATION OF MEAD 0 W S AND 
PASTURES 1 
F. S. WILKINS2 
From the Farm Crops and Dairy Husbandry Subsections, Iowa Agricultural 
Experiment Station 
Accepted for publication November 16, 1934 
Cultivated species of legumes and grasses differ markedly in their 
response to differences in climate, soil, treatment and association with 
other species. This study was made in order to determine the manner in 
which cultivated legumes and grasses respond to treatment under meadow 
and pasture conditions on two soil types on the Iowa Agricultural Experi-
ment Station farms at Ames. Since Kentucky blue grass-the dominant 
species in these studies-is also dominant in most pastures of Iowa, it is 
believed that the results here reported may be applicable to most parts 
of the state. 
METHODS OF EXPERIMENTATION 
Eight legumes and 16 grasses were planted in 1928 in pure seedings 
and 12 mixture combinations containing from 2 to 16 species. Rates of 
seeding used were mainly those recommended in the literature and cor-
rected to conform with laboratory germination of the seed. 
Triplicate plantings were made in each of three series. Series I was 
planted on the Iowa State College dairy farm on Clarion sandy loam soil. 
This series was pastured with light to moderate severity, annually from 
,1930 to 1933 inclusive and closely grazed throughout the season of 1934. 
Two hay crops were removed in 1929. 
Series II and III were planted on O'Neill sandy loam soil, and hay 
crops have been removed annually beginning in 1929. Two crops of hay 
each year have been removed from series II and five crops from series III. 
1 Journal Paper No. J209 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 149. 
This paper is mainly a condensed progress report of work to be completed in 
1935. As prepared for presentation at the symposium there were 36 tables shown on 
charts. These data, condensed for inclusion in this study, will be given in more de-
tail in the final publication. 
•Grateful acknowledgment is made of valuable assistance rendered by Messrs. 
L. D. Eagles, J. R. Huey, and P. C. Hodson for reading quadrats, and to Doctors 
J. M. Aikman and H. F. Eisele for technical assistance on ecological phases of the 
problem. Eisele and Aikman (1933) 9 published certain of the results obtained cooper-
atively by the Farm Crops Subsection and Botany Department in 1933. The writer 
is indebted also to Doctor C. Y. Cannon, head of the Dairy Husbandry Subsection, 
and his coworkers for excellent cooperation in managing the pasture series, and to 
Professor H. D. Hughes, head of the Farm Crops Subsection, for advice during prog-
ress of the investigation. 
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Population trends are being measured by density-list, permanent, 
meter quadrat readings of basal cover for which there are five quadrats 
in each mixture plat of series I, and three in each of series II and III and 
one quadrat in each of the pure seeding plats. The number of quadrat 
replications is in order of sizes of plats. For the pasture, series I, quadrat 
readings have been taken annually except in 1934. For the meadow, 
readings were Obtained annually from 1929 to '32 inclusive for series II 
and to 1933 inclusive for series III. Final readings for all series are to be 
taken in 1935. 
Estimates of populations of dominant species were made in early No-
vember, 1934, in order to give the reader a general idea of the present 
stands of the plats. Because these observations were taken in late fall 
when conditions for identification from vegetative growth were not satis-
factory the estimates are subject to correction in May and June, 1935, 
when final quadrat readings will be made. Since estimates are based on 
appearance from a distance of five feet the estimated cover percentages 
are much higher than actual basal cover readings would show. 
Legumes tested in pure seedlings with most of them also included in 
the mixtures are alfalfa, Medicago sativa L., medium red clover, Trifolium 
pratense L., wild red clover, T. pratense L. (Obtained from Europe), 
white clover, T. repens L., wild white clover, T. repens L. (Obtained 
from Europe), ladino clover, T. repens latum McC., Alsike clover, T. hy-
bridum L. and biennial yellow sweet clover, Melilotus officinalis L. 
Grasses tested included Kentucky blue, Poa pratensis L., Canada 
blue, P. compressa L., rough-stalked meadow, P. trivialis L., meadow 
fescue, Festuca elatior L., sheep's fescue, F. ovina L., slender wheat, Agro-
pyron tenerum Vasey, crested wheat, A. cristatum L., perennial rye, 
Lolium perenne L., orchard, Dactylis glomerata L., tall oat, Arrhenathe-
rum elatiusl..., brome, Bromus inermis Leyss, red top, Agro~is .·alba L., 
crested dog's-tail, Cynosurus cristatus L., sweet vernal, Anthoxanthum 
odoratum L., timothy Phleum pratense L. and reed canary, Phalaris arun-
dinacea L. 
The 12 mixtures designated by A to L, inclusive, follow in this para-
graph with the number after the species indicating the rate of seeding 
per acre. It may be observed that trifolium clovers and timothy were basic 
ingredients of each of the mixtures: A-medium red 7, timothy 8; B-
alsike 2, medium red 4, timothy 4, Kentucky blue 7; C-white 2, alsike 2, 
medium red 4, timothy 4, brome 7; D-white 2, alsike 2, medium red 4, 
timothy 4, Kentucky blue 7; E-ladino 2, alsike 2, medium red 4, timothy 4, 
Kentucky blue 7.;' F-wild white 2, alsike 2, medium red 4, timothy 4, 
Keptucky blue 7; G-white 1.5, alsike 1.5, medium red 3, alfalfa 3, tim-
othy 2, Kentucky blue 3, brome 3; H-white 1.5, alsike 1.5, medium red 3, 
biennial yellow sweet 3, timothy 2, Kentucky blue 3, reed canary 3; !-
white 1.5, alsike 1.5, medium red 3, timothy 2, Kentucky blue 3, orchard 3, 
red top 2; J-white 1.5, alsike 1.5, medium red 3, timothy 2, Kentucky 
blue 3, orchard 2, meadow fescue 2, brome 2; K-timothy 3, Kentucky 
blue 5, orchard 3, meadow fescue 3, brome 3; L-white 0.5, alsike 0.5, 
medium red 1.5, timothy 3, Kentucky blue 3, orchard 1, meadow fescue 1, 
brmp.e 3, reed canary 1, slender wheat 1, perennial rye 1, tall oat 1, rough-
stalked meadow 1, creste~ wheat 1, sheep's fescue 2. 
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RESULTS 
SURVIVAL OF SPECIES IN PURE SEEDINGS 
Twelve of the 16 grasses sown have survived in pure seedings, but 
11 of them are gradually being supplanted by Kentucky blue grass. The 
species of grass still existent are Kentucky blue, Canada blue, sheep's 
fescue, red top, slender wheat, orchard, brome, timothy, reed canary, 
meadow fescue, crested wheat and tall oat grass. The percentages of basal 
cover when quadrat readings were last taken in 1932 and '33 and the 
apparent cover when estimates were made in November, 1934, are shown 
in table 1. The 12 surviving species indicated in the table are arranged 
in order of their percentages of basal cover of quadrat readings taken in 
the pasture series in 1933, and it may be observed that data obtained for 
the other series and in other years agree fairly well. 
TABLE 1. Densities of surviving species of grasses sown in pure seedings in 1928 to-
gether with those of K~tucky blue grass, the predominating immigrant 
Percentage cover 
Pasture Meadow Pasture Meadow 
Series I Series II Series III Series I Series II I Series III 
2-crops 5-crops 2-crops 5-crops 
: Quadrats · . Estimates : 
Species 1933 1932 1932 1934 1934 1934 
Kentucky blue 36 43 49 85 90 95 
Canada blue 36 25 24 35 4 5 
Kentucky blue 8 18 14 35 86 90 
Sheep's fescue 34 46 42 20 55 55 
Kentucky blue 8 9 0 20 4 4 
Red top 28 21 9 20 48 12 
Kentucky blue 4 3 4 20 6 64 
Slender wheat 26 24 13 6 25 14 
Kentucky blue T T 1 44 40 56 
Orchard 20 24 22 26 69 67 
Kentucky blue 2 T T 4 1 8 
Brome 18 17 14 26 72 54 
Kentucky blue 2 3 5 4 8 36 
Timothy 16 33 21 4 41 9 
Kentucky blue 16 T 1 36 9 81 
Reed Canary 16 19 19 25 32 9 
Kentucky blue 2 12 8 25 48 81 
Meadow fescue 14 18 4 3 36 8 
Kentucky blue 8 2 4 17 4 64 
Crested wheat 10 22 17 38 76 64 
Kentucky blue 14 1 1 12 2 17 
Tall oat 6 13 6 T 51 49 
Kentucky blue 8 T T 20 1 9 
The predominant immigrant in each of the series is Kentucky blue 
grass, other grasses and weeds being relatively unimportant. While per-
centages of basal cover for quadrat readings are small, space not occupied 
by the encroaching Kentucky blue grass is largely vacant. Usually the 
space occupied by weeds and other grasses besides Kentucky blue has been 
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less than 3 per cent, and this same condition has existed through 1934. 
Exceptions have been meadow fescue and tall oat grasses which have not 
been effective against competition of the winter annual brome grasses, 
Bromus secalinus L. and B. Japonicus Thunb. when these species flourish 
in May. 
Orchard and sheep's fescue grasses have withstood invasion of Ken-
tucky blue grass well, as compared with the others. Brome and crested 
wheat grasses rank next in this respect, but they have been supplanted 
markedly by Kentucky blue where five crops of hay have been removed 
per season in the meadow. 
It is apparent that severe treatment favors the encroachment of 
Kentucky blue grass. In the meadow all of the other species have main-
tained be~ter stands and have been invaded less by Kentucky blue grass 
with the removal of but two crops per season than of five. Tall oat grass, 
however, has maintained good stands in both series II and III of the 
meadow but is practically extinct in the pasture. This is thought to be 
mainly due to reseeding in the meadow where all 2- and 5-crop plats are 
side by side throughout. The grass has had little opportunity to reseed 
itself in the pasture. 
In contrast with the other species Kentucky blue grass has maintained 
itself in almost pure condition in the pasture and both of the meadow series 
except for slight encroachment of dandelion, Traxacum officinale Weber. 
The four extinct grass species are crested dog's-tail, sweet vernal, 
perennial rye and rough-stalked meadow. Stands were not obtained of 
crested dog's-tail and sweet vernal grasses, of the latter probably because 
of weakly germinating seed. Perennial rye grass was killed by freezing 
the first winter as it has been in other tests at the Iowa Station. Rough-
stalked meadow grass perished during the extremely dry and hot summer 
of 1930. 
All of the legume species except alfalfa and sweet clover, were killed 
either during the severe drouth of the summer of 1930 or by freezing 
during the winter of 1930-'31. Sweet clover died at the end of its biennial 
period in 1929. Excellent stands of the trifolium clovers persisted into the 
second crop year of 1930. Only scattered seedlings of any of the legumes 
have appeared since the initial seeding, and these have been largely of 
white clover. 
Alfalfa has persisted in each of the series but is nearly extinct in the 
5-crop meadow. A fair stand is still apparent in the 2-crop meadow with 
considerable still remaining in the pasture. In another test at the Iowa 
Agricultural Experiment Station the removal of four alfalfa crops the 
first-crop year resulted in a large reduction in stand by the second-crop 
year. Kentucky blue grass has encroached to predominant proportions 
in each of the series, but the turf is by far the most dense in the 5-crop 
meadow. 
POPULATION OF MIXED SEEDINGS 
As may be noted from table 2, Kentucky blue grass is strongly dom-
inant on all plats in which seed of this species was included in the mixtures, 
and the cover is much thicker than for seedings made without Kentucky 
blue grass. In fact, in the pasture, grazed within an inch of the ground in 
1934, plats seeded with clover-timothy or clover-timothy-brome, the only 
TABLE 2. D e nsitfes of sun>fvfng specfes of legumes and grasses sown in m ixture s fn 1928 
Percentage cover 
Pasture Meadow Pasture Meadow 
Series I Series II Series III Series I Series II Series III 
Rate 2-crops 5-crops 2-crops 5-crops 
seeded (lbs. Qua drats Zstimates 
Mixture Species* per acre) 1933 1932 1932 1934 1934 1934 
A Timothy 8 26 32 21 20 40 36 
Kentucky blue 0 4 T 2 50 4 14 
B Timothy 4 2 7 T 1 8 5 
Kentucky blue 7 30 37 54 92 81 90 
c Timothy 4 8 18 9 14 12 9 
Brome 7 14 8 10 35 48 27 
Kentucky blue 0 4 1 5 1 20 54 
D Timothy 4 2 7 1 2 4 1 
Kentucky blue 7 30 35 51 90 81 94 
G Alfalfa 3 2 10 6 T 4 T 
Timothy 2 2 3 1 2 12 5 
Kentucky blue 3 24 15 39 75 32 78 
Brome 3 4 9 3 15 32 9 
H Timothy 2 2 4 T 1 4 1 
Kentucky blue 3 22 28 53 82 64 85 
Reed canary 3 6 7 1 10 12 4 
I Timothy 2 2 3 T 1 4 1 
Kentucky blue 3 20 19 34 81 73 86 
Orchard 3 6 13 7 11 12 5 
Red top 2 2 0 0 1 T T 
J Timothy 2 2 2 T 2 3 1 
Kentucky blue 3 18 27 40 82 64 85 
Orchard 2 6 5 6 3 12 2 
Brome 2 4 3 T 3 12 7 
K Timothy 3 2 2 1 2 3 1 
Kentucky blue 5 18 30 36 82 64 85 
Orchard 3 4 6 6 3 20 4 
Brome 3 4 2 1 3 4 5 
L Timothy 3 2 4 1 1 2 1 
Kentucky blue 3 22 23 38 80 62 85 
Orchard 1 2 1 2 3 12 3 
Brome 3 4 4 2 3 12 3 
Reed canary 1 2 T 1 3 3 3 
* Only those species which have more than one per cent of cover are given. Complete lists of ingredients and rates of seeding 
are given under "Methods of Experimentation." 
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mixtures in which Kentucky blue grass was not included, appear rather 
barren as compared with the much more abundant cover of plats in which 
Kentucky blue grass was included in the mixtures. Also, Kentucky blue 
grass has immigrated surprisingly slowly into plats where seed was not 
included in the mixtures, and it is believed that in farm fields the volun-
teering of Kentucky blue grass would be even slower. On the whole, 
other species have resisted the competition of Kentucky blue grass much 
more effectively in the 2-crop meadow than in the 5-crop meadow and the 
pasture. As in the case of the pure seedings, Kentucky blue grass has been 
practically the only invading species. Clovers disappeared in 1930 as in 
the pure seedings and only occasional plants, principally of white clover, 
have been found since. 
Principal data for 10 of the 12 mixtures are given in table 2. Mixtures 
E and Fare omitted because they are similar to D except that ladino and 
wild white clover, respectively, were used instead of common white. Only 
those species which have more than one per cent of cover are shown in 
the table. 
Mixture A, consisting of medium red clover and timothy, is commonly 
used on Iowa farms. Since mixture B is essentially similar, except that 
Kentucky blue grass was added, a comparison of the two is interesting. 
Where Kentucky blue grass was added it practically has exterminated 
the timothy, and this has taken place much more rapidly with more severe 
treatment of the pasture and 5-crop meadow as compared with the much 
less severe treatment of the 2-crop meadow. Moreover, the total cover 
is much more dense where Kentucky blue grass was included in the mix-
ture. Where Kentucky blue grass was not added it has invaded the timothy 
slowly, the most rapid increase occurring in 1934 in the pasture which 
was closely grazed during this year. It also gained rapidly in the 5-crop 
meadow in 1934 and markedly less rapidly in the 2-crop meadow. Appar-
ently where Kentucky blue grass was not included it has been increasing 
in logarithmic proportions in the pasture and 5-crop meadow. 
Mixture Dis practically a repetition of mixture B, the only difference 
being in the species of clovers and rates of their inclusion in the two 
mixtures. It may be observed that the data for the two mixtures agree 
closely, both for the quadrat readings and the estimates. 
Mixtures C and D are counterparts except that brome grass was used 
in C and Kentucky blue in D. It may be noted from the data for both 
quadrat readings and estimates of table 2 that the total cover for the brome 
grass mixture in the pasture is much thinner, and that timothy has com-
peted much more successfully in the brome grass mixture than in the 
Kentucky blue in all series. It is apparent that Kentucky blue grass also, 
although not seeded, has invaded the brome grass mixture, but this, 
as in the clover-timothy mixture, has been done slowly. The blue grass 
has invaded and displaced brome and timothy most in the 5-crop meadow 
and has invaded the pasture but little, possibly because of larger plots 
and chance location. In the pasture where the invasion of Kentucky blue 
grass is estimated at only one per cent the total cover of timothy, brome 
and Kentucky blue is only 50 per cent as compared with 90 per cent for 
the 5-crop meadow where the invasion of Kentucky blue is estimated at 
54 per cent. Apparently Kentucky blue grass occupies considerable cover-
free space in a timothy-brome grass sod before crowding them to ex-
tinction. 
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In addition to the basic ingredients of clover and timothy, mixture G 
included alialfa, Kentucky blue grass, and brome. Alfalfa, timothy, and 
brome are gradually being displaced by Kentucky blue grass in the order 
given, and this is more pronounced in the 5- than in the 2-crop meadow. 
The total cover is fairly similar to that of mixtures B and D which con-
tained only Kentucky blue grass in addition to the basic ingredients of 
clover and timothy. 
For mixture H, made up of Kentucky blue and reed canary grasses 
in addition to clover and timothy, somewhat less of reed canary grass 
remains than of brome grass in mixture G. For mixture I containing 
Kentucky blue grass, orchard and red top in addition to the basic clover 
and timothy ingredients red top was practically extinct when quadrat 
readings were last taken in 1932 and '33, while orchard grass has main-
tained its stand about like the stand of reed canary grass in mixture H. 
For J in which orchard, brome, and meadow fescue were added to the 
clover-timothy-Kentucky blue grass mixture, orchard has resisted Ken-
tucky blue grass somewhat more effectively than brome while meadow 
fescue was practically extinct in 1932-'33. Mixture K is a counterpart of 
J except that clovers were omitted from K, and practically similar data 
have been obtained for the two mixtures. Eisele and Aikman 8 in reporting 
early results for these two mixtures stated that growth of the grasses was 
stimulated by the clovers which is a general observation. For mixtures 
H, I, J and K blue grass has sodded more thickly in the 5-crop meadow 
than in the 2-crop, and estimates indicate that stands of the other grasses 
are thinner in the 5-crop meadow. 
Quadrat readings for Mixture L indicate that of the 12 grass ingredi-
ents 7 were practically extinct in 1932 and '33. Species still in existence 
in appreciable quantities were Kentucky blue, timothy, orchard, brome, 
and reed canary grasses. Those which were extinct or essentially so were 
meadow fescue, sheep's fescue, slender wheat, crested wheat, perennial 
rye, tall oat and rough-stalked meadow. When quadrat readings were last 
taken in 1932 and '33 Kentucky blue grass comprised 69 per cent of the 
cover in the pasture, 72 per cent in the 2-crop meadow and 86 per cent in 
the 5-crop meadow, while the four other existent species, timothy, orchard, 
brome and reed canary grasses were about equal in the 5-crop meadow, 
timothy and brome were superior in the 5-crop meadow, while brome was 
superior to the other three in the pasture. The greatest percentage of 
cover, however, of any of these minor species in any location, was 4 so 
that it is doubtful if differences are significant. 
Quadrat readings indicate that when a meadow is to be used later 
as a permanent pasture as little as 3 pounds of Kentucky blue grass seed 
per acre on fertile soil should provide a fair cover of this species after 4 or 
5 years, but that a 7-pound rate probably would be better. The percent-
ages of Kentucky blue grass cover with 3-pound rates, as an average for 
the three series, varied between 24 and 28 per cent for the four mixtures, 
G, I, J and L. (Averages for series I, II and III are not shown in table 2 
but can be caculated readily from the data given.) The competing species 
and their rates of seeding varied, of course, but apparently reacted simi-
larly on the Kentucky blue grass. Total rates of seeding competing grass 
'Eisele, H. F., and J. M. Aikman. 1933. The development and survival of species 
and varieties in planted pastures. Ecology 14: 123-135. 
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species were 5, 7, 8 and 16 pounds per acre for mixtures G, I, J and L, 
respectively. For the 7-pound rates of seeding Kentucky blue grass with 
timothy the only competing grass seeded at 4 pounds per acre, the Ken-
tucky blue grass cover varied between 39 and 41 per cent for mixtures 
B, D, E and F as averages of the quadrat readings for series I, II and III. 
While these percentages of cover seem low it should be emphasized that 
there appeared to be full stands of good cover when viewed from a dis-
tance of 5 feet for plats in which Kentucky blue grass was included in the 
mixtures. 
SUMMARY 
In 1928, 8 legumes and 16 grasses were planted in pure seedings and 
in 12 mixture combinations containing from 2 to 16 species. Triplicate 
plantings were made in each of three series. Series I was pastured from 
1930 to '34, inclusive. Hay crops have been removed annually from series 
II and III, two crops from the former and five from the latter. Population 
changes are being measured with density-list, permanent, meter quadrat 
readings. Final readings are to be made in 1935. 
Of 16 grass species sown in pure seedings the 12 still existent are Ken-
tucky blue, Canada blue, sheep's fescue, red top, slender wheat, orchard, 
brome, timothy, reed canary, meadow fescue, crested wheat and tall oat. 
Practically, alfalfa is the only legume species which has persisted. 
The others planted were biennial yellow sweet clover and the trifolium 
clovers-medium red, wild red, alsike, white, wild white and ladino. 
The predominant immigrant in each of the series is Kentucky blue 
grass which has been gradually replacing the other species. Other grasses 
and weeds have been unimportant except that meadow fescue and tall 
oat grasses have not been effective against competition of annual brome 
grasses. 
It is plainly apparent from series II and III that severe treatment 
favors encroachment of Kentucky blue grass into pure seedings, and in 
mixtures other species have resisted the competition of Kentucky blue 
grass much more effectively in the 2-crop meadow than in the 5-crop 
meadow and the pasture. · 
Kentucky blue grass is strongly dominant on all plats in which seed 
of this species was included in the mixtures, and the cover is much thicker 
than for seedings made without Kentucky blue grass. Also, Kentucky 
blue grass has immigrated surprisingly slowly into plats where seed was 
not included in the mixtures. 
In mixture L, made up of 3 trifolium clovers and 12 grass species, 
all species are practically extinct except Kentucky blue, timothy, orchard, 
brome, and reed canary grasses. Grass species which are extinct or essen-
tially so are meadow fescue, sheep's fescue, slender wheat, crested wheat, 
perennial rye, tall oat and rough-stalked meadow. 
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Little is known concerning the influence of plant cover density on 
run-off and erosional losses in southern Iowa, where farming practice 
has greatly reduced the area of undisturbed forest litter and the original 
prairie vegetation, both of which were efficient in maintaining the soil in 
a stable and water-receptive state. Today temporary crop covers and 
poorly sodded pasture covers, whose culture and long overgrazing have 
exposed much of the soil surface to the direct action of rain and flowing 
waters, have replaced these effective erosion preventing plant covers. In 
1932 an attempt was made to measure the value of different vegetative 
covers in preventing run-off losses. The observations and data obtained 
are recorded, following a description of the methods and plots. 
METHOD 
In May, 1932, 15 plots, size 1/200 acre, on Lindley and Shelby loams, 
were established on farms in the vicinity of Indianola, Warren County, 
Iowa. The protection which the plot covers afforded the surface soil was 
determined from run-off measurements made after each storm. The 
ground area protected by the plant cover on each plot was estimated as 
plant cover density. The slope of these plots· varied from eight to 14 
per cent. 
Measurements of run-off were obtained by locating modified Bates 
and Zeasman2 "erosion traps," 6.6 feet in width, at the lower end of the 
33-foot plot sites. These traps consisted of a slanting galvanized iron 
trough and a removable six- or 10-gallon bucket, both of which were 
covered with heavy tarpaper and lath in order that rain falling directly 
on the trap would not be recorded as run-off. Each trough was made of 
one piece of sheet iron so that a shoulder or lip four inches wide extended 
above the slanting trough its entire width, 6.6 feet. After a rectangular 
shaped pocket had been dug at the lower edge of the plot, this shoulder 
or lip was carefully worked up hill into the soil of the plot at a depth 
sufficient to prevent the loosening of the soil directly on the shoulder 
from that of the plot proper. The shoulder served as a bond between the 
trap and the plot. It is thought that this arrangement permitted the 
movement of run-off water from the plot into the slanting trough without 
any appreciable loss. Following each rain the trap covers were removed, 
the traps examined, the bucket contents measured and the bucket emptied, 
the trough cleaned, and the trap assembled and recovered. At times the 
bucket was not large enough to take care of the run-off. In such a case, 
1 Abstract. 
• Bates, C. G., and 0. R. Zeasman. Soil erosion, a local and national problem. Wis. 
Agr. Exp. Sta., Res. Bul. 99. August, 1930. 
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the bucket's capacity, 10 gallons in all cases of overflow, was used in cal-
culations of total run-off or run-off as the percentage of rainfall. 
The upper limit of each plot was marked by a shallow ditch and a 
mound built to prevent the movement of run-off water from the surround-
ing field on the plot. Several of the plots were observed during rains to 
determine whether or not the ditches were of sufficient protection. The 
movement of run-off to and from the plot along the sides was unhindered; 
however, this error was reduced to a minimum by selecting a site which 
sloped in only one direction, namely toward the trap. By mid-summer it 
was possible to evaluate run-off as percentage of rainfall, for a modified 
Snowden type rain gauge had been placed at each plot. 
After the traps were placed and in working order, estimates were 
made of the protection to the soil surface afforded by the plant cover 
against the direct impact of the rain. The estimates, termed the density of 
cover on the ground, represent the proportion of ground actually covered 
by plant material, living or dead. This may be expressed in tenths, or, 
as in this study, in units; thus 10/10 or 10 indicates full coverage of the 
soil. If in a corn field only 1/10 of the ground surface is protected by 
plant bodies at the ground, the ground cover density is represented by 
the figure one. 
It was soon recognized that certain planted crops as soybeans, sweet 
clover and sorghum had a heavy top growth but offered only scanty pro-
tection at the ground level. Thus the protecton which these covers af-
forded the soil against the direct impact of rain is restricted largely to that 
given by the leaves and stems. For this reason, estimates of crown density 
for each plot were made on the same basis as was used in estimating 
ground cover density. To facilitate density estimates, pins were set at 
five-link intervals around the periphery of the plot to be studied. By 
connecting opposite pins with string, the plot was divided into 20 squares, 
five links on a side. For each square, estimates of the ground and crown 
cover densities were made and recorded on a chart representing to scale 
the subdivided plot. The figures used subsequently in discussion of cover 
density represent the modal values of the estimates for the 20 subdivisions 
of each plot. 
DESCRIPTION OF PLOTS 
The sample plots selected for the run-off studies were designated by 
the dominant vegetation in the field or, in the case of certain crops, by the 
name of the crop which was harvested during the season. These plots 
were located on four distinct areas in the county. Since the plots of an 
area are grouped in the discussion, they are listed here by areas. 
Hazel brush, bluegrass plot of area No. 1. 
This area, situated on Shelby loam, had a slope of 11 per cent and 
a southeast exposure. Evidently the land had never been plowed though 
certain stumps indicated that there had once been a sparse forest growth 
above the shrubs. The area was pastured by hogs, cattle and horses dur-
ing the experiment. 
Weeds in old field plot of area No. 1 
The soil type, slope and aspect of this plot was comparable to the 
hazel brush bluegrass area. The two areas were only about 30 feet apart. 
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It was evident that this area had been under cultivation, and after be-
ing seeded to sweet clover had been pastured for the preceding four 
years. It was pastured throughout the experiment. 
Second growth oak-hickory plot of area No. 1. 
This plot was located on Shelby loam, slope nine per cent, with a 
northerly aspect. The plot showed little evidence of recent disturbance. 
The area was pastured lightly by heifers during the summer. 
Sudan grass plot of area No.1. 
This plot was on Shelby loam of 11 per cent slope with a westerly 
exposure. The field had produced a poor crop of com the previous year. 
This area had been subjected to heavy erosional losses, and considerable 
areas of yellow sub-soil were exposed. The grain was inadvertently de-
stroyed by cattle in mid-August. The four plots in this area were within 
three-eights of a mile of one another. 
Wheat drilled across plot of area No. 2 
The Shelby loam soil of this plot sloped to the east at the rate of 14 
per cent. The wheat had been cut before the plot had been established. 
Here the grain had been sown when the drills were moving at right angles 
to the slope. The field was not pastured. 
Wheat drilled down plot of area No. 2. 
This area in the same field as the previous plot was also on Shelby 
loam having a slope of 10 per cent in an easterly direction. The grain had 
been drilled in rows parallel to the slope at this point in the field. The 
previous crop had been oats. 
Timothy and clover plot of area No. 2. 
The soil here was Shelby loam of 13 per cent, having a northerly 
aspect. This plot was situated in a field which had been seeded down one 
year previous. The top soil had been eroded to some extent, leaving at 
the surface numerous stone fragments. One cutting was made on the 
plot. There was no current grazing. 
Corn plot of area No. 2. 
This area of Shelby loam on a westerly slope of 11 per cent had 
yielded two cuttings of timothy and red clover the year before. After 
the seed had been planted the field had been dragged with a harrow which 
moved up and down the slope in the vicinity of the plot. 
Sorghum plot of area No. 3. 
This plot was also located on Shelby loam of 10 per cent slope in a 
southeasterly direction. The field in which the plot was located had been 
in alfalfa the four preceding years. 
Oats plot of area No. 3. 
The plot was located on Shelby loam, 12 per cent slope, easterly ex-
posure. The crop had been cut before the trap was placed. The stand 
was thin and the grain so short that some of it was left standing on the 
plot. The previous crop had been com. 
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Alfalfa plot of area No. 4. 
The soil type of this plot was Lindley loam with a slope of 10 per 
cent to the southeast. The field had been in alfalfa the three previous 
years. Three cuttings had been taken from the field the year before and 
one during the growing season in question. Hogs were turned into the 
field in mid-summer. 
Sweet clover plot of area No. 4. 
This plot was located on Lindley loam soil with an eight per cent 
slope to the west. This area was in a badly eroded field which had not 
been cropped since 1930. 
Ragweed plot of area No. 4. 
This area on Lindley loam of 13 per cent slope with exposure to the 
east had not been cropped for six years. The area was pastured by hogs 
and horses during the experiment. The area had suffered from serious 
past erosion. 
Barley plot of area No. 4. 
This plot was on Lindley loam, nine per cent slope, northeast ex-
posure. The crop was removed after the trap had been in operation. The 
plot was not pastured during the study. 
Soybean plot of area No. 4. 
The Lindley loam soil of this plot was badly eroded and low in or-
ganic matter. The slope was 10.5 per cent with a northerly exposure. 
The previous crop had been corn. The beans had been drilled parallel to 
the slope. There was no grazing during the period in which the measure-
ments were made. 
EXPERIMENTAL DATA 
The plots designated by their plant covers and arranged in order of 
decreasing ground and crown cover density, together with the rainfall and 
the run-off as percentage of rainfall for four late summer storms, are 
listed in table 1. This table indicates that the protection given the ground 
and estimated as ground cover density, varied from a minimum of one in 
the case of sorghum, corn, sweet clover, soybeans, and ragweed covers, to 
a maximum of 10 for the second growth oak-hickory and the hazel brush-
bluegrass covers. The plots from which barley and oats had been har-
vested had an estimated ground cover density of two and three, respect-
ively. The two plots from which wheat had been harvested had a ground 
cover density of 2.5, as was the case of the timothy and clover plot cover. 
The ground cover of the alfalfa plot was composed of some straw and 
considerable moss tufts which largely accounted for the ground cover 
estimate of four. The weeds in the old field plot had a ground cover 
density of four. This estimate was only exceeded by the ground covers 
on the hazel brush and oak-hickory plots. Three of the covers studied 
were comparable in that they had been allowed because of low fertility 
to revert from cultivated land to pasture land. The ragweed and the sweet 
clover covers both had ground density values of one, while the weeds in the 
old field ground cover was estimated at four. 
-·s 
Cl.l 
-·s 
Cl.l 
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TABLE 1. Plant cover density estimates, detailed rainfall and plot run-off records fol-
lowing four rains on two types of soil in Warren County, Iowa 
Per-
Cover cent- Measurements 
density age Aug. Aug. Sept. Sept . . 
Plant cover Ground Crown slope 24-25 31 8-9 11-12 
Second growth oak-
hickory 10 8 9 
Inches rainfall 0.78 0.38 0.47 0.70 
percentage run-off 0.28 0.19 0.03 0.37 
Hazel brush-bluegrass 10 8 12 
Inches rainfall 0.78 0.47 0.42 0.70 
Percentage run-off 0.09 0.00 0.44 0.10 
Wheat drilled across 
(timothy, clover and 
' weeds) 2.5 6 14 
Inches rainfall 0.53 0.77 0.18 0.37 
Percentage run-off 0.00 0.57 0.00 0.00 
Wheat drilled down 
(timothy, clover and 
weeds) 2.5 6 10 
Inches rainfall 0.50 0.73 0.20 0.37 
Percentage run-off 2.95 1.00 trace 0.59 
Weeds in old field 4 4 12 
Inches rainfall 0.78 0.47 0.42 0.70 
Percentage run-off 1.23 0.16 8.77 2.95 
Oats (weeds) 
Inches rainfall 1.09 0.53 0.01 0.80 
Percentage run-off 6.75* 12.50 0.00 9.21• 
Timothy and clover 2.5 4 13 
Inches rainfall 0.43 0.40 0.88 0.36 
Percentage run-off 0.17 0.00 0.62 0.00 
Sorghum 1 4 10 
Inches rainfall 0.50 0.94 0.49 0.015 
Percentage run-off 14.72* 7.8o• 9.02 0.00 
Com 1 1 11 
Inches rainfall 0.53 0.54 0.24 0.38 
Percentage run-off 3.61 13.60* 0.92 2.90 
Alfalfa 3 8 10 
Inches rainfall No 0.58 0.19 1.01 
Percentage run-off data1 0.00 0.00 4.45 
Sweet clover 1 9 8 
Inches rainfall 0.89 0.60 0.20 0.96 
Percentage run-off 0.00 0.24 0.00 0.77 
Barley (weeds) 2 5 9 
Inches rainfall 0.84 0.60 0.20 1.02 
Percentage runoff 3.50 0.12 0.00 1.37 
Ragweed (small) 1 2 13 
Inches rainfall 0.90 0.66 0.13 1.01 
Percentage run-off 2.70 0.93 0.00 7.29* 
Soybeans 1 0 10.5 
Inches rainfall 0.95 0.58 0.19 1.01 
Percentage run-off 1.00' 1.14 0.00 7.29* 
• Trap overflowed. Percentage determined on basis of run-off in bucket, 10 gallons. 
1 Hogs turned into field and upset trap. 
• Crop removed August 23. 
./ 
404 A.F.DODGE 
It is evident that for the late summer period, the crown density esti-
mates ranged from zero in the case of the soybean plot, which had been 
previously cut, to nine for the volunteer sweet clover cover. The corn 
cover density was one, that for the ragweed cover was two. An estimate 
of four was applied to the crown cover density of the hazel brush-blue-
grass, timothy and clover, weeds in old field, oats (weeds), and sorghum 
covers. In the case of the plot from which barley had been removed, the 
annual weeds had developed a crown density of five. A crown density 
estimate of six was applied to the covers in the wheat plots. The estimate 
of crown cover density for the second growth oak-hickory and the alfalfa 
covers was eight. 
Referring to table 1, the total rainfall for the storm period August 
20 to August 25 varied from 0.50 inch at the wheat drilled down plot 
and at the sorghum plot to 1.09 inch at the oats plot. An· outstanding 
variation of rainfall occurred during the storm period, September 8 to 
September 9, when the rainfall at the timothy and clover plots was 0.88 
inch while that at the wheat field plots, about 0.4 mile away, was 0.18 
inch and 0.20 inch. Similar variations in rainfall occurred during the 
other storms as indicated in the table. 
Because of the great variation in quantity of rainfall incident on the 
plots during a given storm as indicated by the rain gauge records, a com-
parison of the run-off data collected as related to the influence of plant 
cover density must be restricted to neighboring plots. Consequently the 
plots in the same area will be grouped in the discussion. 
The total rainfall, 0.78 inch, at the hazel brush-bluegrass plot (ground 
cover density of 10, and crown density of 8) for the storm of August 24 
and 25 gave a measurable run-off of 0.09 per cent of the rainfall. The 
run-off from the oak-hickory cover (ground cover 10, crown cover 8) 
was three times that from the hazel brush-bluegrass, while the run-off 
collected in the trap at the weeds in old field plot (cover density 4 at 
ground and in crowns) was more than 13 times as much. At another farm 
the timothy and clover plot (ground cover 2.5, crown cover 4) yielded the 
least measurable run-off, 0.17 per cent, of the 0.43 inch rain. This was 
exceeded 17 times by the run-off collected at the wheat drilled down plot 
(cover density 2.5 at ground and 6 in crowns), and 21 times by the run-
off at the trap in corn (ground cover 1, crown cover 1). There was no 
run-off in the wheat drilled across. Both the oats plot (ground cover 3, 
crown cover 4), receiving 1.09 inch, and the sorghum plot (ground cover 
1, crown cover 4), receiving 0.50 inch, yielded run-off in excess of 10 
gallons as indicated by the asterisks in the table. Of the plots on the 
Lindley loam which gave measurable run-off, the plot in the soybean 
field (ground cover 1, crown cover 0), crop removed, gave 1.0 per cent 
run-off, ragweed (ground cover 1, crown cover 2) 2.70 per cent run-off, 
and 3.50 per cent loss for the plot in the barley (ground cover 2, crown 
cover 5) field. The bucket at the sweet clover trap was empty (ground 
cover 1, crown cover 9) though the rain gauge yielded 0.89 inch rainfall. 
For the storm of August 31 the least measurable run-off was recorded 
at the weeds in old field plot. Here only 0.16 per cent of the 0.47 inch rain 
has been lost through run-off. The adjacent hazel brush-bluegrass trap 
was dry, while the oak-hickory trap yielded run-off equivalent to 0.19 
per cent of the 0.38 inch rain. The wheat plots having received about the 
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same rainfall allowed run-off of 0.57 and 1.00 per cent of rainfall for the 
wheat drilled across and drilled down the slope, respectively. No run-off 
occurred from the timothy and clover cover. The corn trap was over-
flowed from the 0.54 inch rain which fell on the plot. The plots, sorghum 
and oats, receiving 0.53 inch and 0.94 inch rainfall yielded run-off losses 
of 12.5 per cent in the case of the oats and of more than 10 gallons on the 
sorghum plot. The run-off losses from the plots on the Lindley loam in-
crease from nothing at the alfalfa plot to 1.14 per cent of the rainfall at 
the soybean plot. 
The data for the storm of September 8 and 9 indicate great variation 
in total rainfall and suggest considerable variation in intensity of the 
showers. Although the gauge at the oak-hickory plot indicated more total 
rainfall than at the hazel brush-bluegrass plot, the run-off at the latter 
area exceeded that from the oak-hickory by more than 14 times. The 
run-off of 8. 77 per cent of rainfall at the weeds in old field plot exceeded 
that from the hazel brush-bluegrass plot by nearly 20 times. The only 
other traps containing run-off water were at the timothy and clover plot 
with 0.62 per cent, the corn plot with 0.92 per cent and the sorghum plot 
9.02 per cent. The plots having received 0.20 inch rain or less did not 
lose any moisture through run-off. 
During the storm period of September 11 and 12 the hazel brush-
bluegrass plot yielded only 0.10 per cent of the 0.70 inch rain as measur-
able run-off at the trap. This was exceeded nearly four times by run-off 
in the trap under the oak-hickory cover, and nearly 30 times by the run-
off collected from the weeds in old field plot. The rain at the wheat plots 
resulted in a 0.59 per cent run-off in the case of wheat drilled down the 
slope; however, no run-off was collected from the trap located where the 
wheat had been drilled across the slope. The corn plot showed a 2.9 per 
cent rainfall loss during the same period. The rain of 0.80 inch at the oats 
plot overflowed the trap. The sorghum plot one-half mile away received 
only 0.015 inch of rain during this storm. For the plots on the Lindley 
loam the sweet clover plot receiving 0.96 inch rain yielded 0.77 per cent 
of this as run-off to the trap. The run-off from the alfalfa plot was ap-
proximately six times this amount, while the barley plot trap record was 
only twice that of sweet clover run-off. The run-off from soybeans and 
ragweed plots exceeded the trap capacity. 
The cover densities representative of the protection afforded the soil 
during a greater part of the summer, the number of storms for which run-
off records are available, the total plot run-off and the mean plot run-off 
are given in table 2. The arrangement of the data is according to increas-
ing mean run-off. For the last eight plots, accurate total run-off records 
are not available, since with the equipment used, volumes greater than 10 
gallons could not be measured. 
The weeds in old field (ground cover 4, crown cover 4) yielded run-
off which exceeded trap capacity on three occasions. The traps in the 
sudan grass (ground cover 4, crown cover 2) , ragweed (ground cover 2, 
crown cover 1), and wheat drilled down (ground cover 6, crown cover 2.5), 
were overflowed four different times. Two plot traps failed during five 
storms to accommodate all the run-off. These were the traps in the corn 
(ground cover 1, crown cover 1), and oats (ground cover 4, crown cover 
3) fields. The traps in soybeans (ground cover 5, crown cover 1) and 
,/ 
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TABLE 2. Summary of plant cover density and run-off data obtained for the season 
from 1/200 acre field plots 
Cover Num- Total Mean 
Plant cover of plot density her run-off run-off 
Ground Crown storms gallons gallons 
Hazel brush-bluegrass 10 v' 8 11 ,/ 
,. 
v 5.1 (' 0.46 Second growth oak-hickory 10 8 11 8.4 0.76 
Sweet clover 1 9 10 9.0 0.90 
Wheat, drilled across (timothy, 
clover, weeds) 2.5 6 6 8.5 1.41 
Barley (weeds) 2 5 11 19.91 1.81 
Timothy and clover 2.5 4 8 17.45 2.18 
Alfalfa 3 8 7 24.46 3.49 
Weeds in old field 4 4 11 *46.70 4.24 
Sudan grass 2 4 11 *51.05 4.64 
Ragweed 1 2 11 *53.90 4.90 
Wheat drilled down (timothy 
. clover, weeds) 2.5 6 8 *42.80 5.45 
Corn 1 1 11 *61.70 5.52 
Soybeans 1 5 11 *64.80 5.89 
Sorghum 1 4 13 *98.50 7.58 
Oats 3 4 8 *61.00 7.62 
• Run-off exceeded the trap capacity. The figure given is based on the measurable 
run-off in the trap, thus is lower than the actual. 
sorghum (ground cover 4, crown cover 1) were overflowed seven and 
nine times, respectively. 
The two plots, hazel brush-bluegrass (ground cover 10, crown cover 
8) and weeds in old field (ground cover 4, crown cover 4) , subjected to 
similar conditions of rainfall and use during the study are best suited 
for direct comparison. The run-off collected from the trap beneath the 
hazel brush-bluegrass cover amounted to 5.1 gallons for the season, while 
the measurable run-off collected under the weeds in old field plant cover 
amounted to 46. 70 gallons, or nearly 10 times as much. 
The records of the two plots in the wheat interplanted to timothy 
and clover having comparable cover density indicate a run-off loss of 1.4 · 
gallons per storm in the case of the plot located so that the drill rows 
contoured the plot; while the average run-off from the plot, drill rows 
down the slope, amounted to 5.45 gallons. This suggests that other fac-
tors than plant cover density may influence the amount of run-off lost 
from a given cover. 
From table 2 it is evident that of the seven plots whose run-off never 
exceeded the trap capacity only one plot had been plowed during the 
previous 12-month period. Of the plots which yielded run-off in quan-
tities greater than 10 gallons sometime during the study only two plots, 
the weeds in old field plot and the ragweed plot, had not been plowed 
during the previous 12-month period. 
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SUMMARY 
The study reported herein was undertaken to determine the relative 
effectiveness of various plant covers in preventing run-off losses on soil 
typical of some of the rough agricultural land in southern Iowa. This 
was accomplished by measuring the run-off collected in erosion traps 
from 1/200 acre plots located in farm fields on four areas of Warren 
County, Iowa. These records were supplemented by estimates of the 
soil surface area which was protected against the direct impact of the 
rain by the existing plant cover. The mean plot run-off for the season was 
hazel brush-bluegrass 0.46 gallon, second growth oak-hickory 0.76 gal-
lon, sweet clover 0.90 gallon, wheat drilled across 1.41 gallons, barley 
(weeds) 1.81 gallons, timothy and clover 2.18 gallons, alfalfa 3.49 gallons, 
weeds in old field 4.24 gallons, sudan grass 4.64 gallons, ragweed 4.90 
gallons, wheat drilled down 5.45 gallons, corn 5.52 gallons, soybeans 5.89 
gallons, sorghum 7.58 gallons, oats 7.62 gallons. The barley (weeds) plot 
was the only area which, having been plowed in the spring, did not yield 
run-off in amounts greater than the capacity of the trap. 
The density estimates indicate a difference of one to 10 in the pro-
tection given to the plot soil by the various plant covers. The annual 
crops offered only slight protection to the soil as indicated by the esti-
mates, corn 1-1, soybeans 1-5, sorghum 1-4, sudan grass 2-4. Such un-
disturbed covers as second growth oak-hickory and hazel brush-bluegrass 
had fairly dense covers which were estimated as 10-8. These last men-
tioned plot covers yielded the least volume of run-off water. 
The plots having covers of wheat stubble planted to timothy and 
clover which had cover density estimates of ground 2.5, crown 6, differed 
in that the direction of the old drill rows aided the movement of run-off 
water in one case and retarded such action on the other plot. The average 
run-off from the wheat plot drilled down grade was 5.45 gallons, while 
from the nearby plot with the plants drilled at right angles to the grade, 
even with increased slope, the run-off averaged 1.41 gallons per storm. 
Although there is a tendency for run-off to vary inversely with plant 
cover density, the fact that the field plots were located in four different 
areas in the county on two distinct soil types admits a lack of uniformity 
in cultural treatment and soil conditions. These factors were not meas-
ured in this study. 
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APPLIED BOTANICAL RESEARCH ON MAIZE 
R. E. BUCHANAN 
From the Iowa Agricultural Experiment Station 
Accepted for publication November 16, 1934 
It is well known that the maize plant is the chief source of Iowa's 
eminence in agriculture. Maize flourishes in our rich soil and is adapted 
to our climate, yielding normally from four to five hundred million bushels 
of a concentrated food admirably adapted for conversion into potential 
energy through biological and chemical agencies. No further justifica-
tion is needed for the researches relating to the numerous aspects of 
maize culture and its utilization. The concern to us as a research station 
staff is, rather, to consider whether our present efforts and the moneys 
expended are yielding the largest returns in the form of new knowledge 
and its application to production and utilization. Our station, like many 
others, is organized into sections, sub-sections, and projects with special-
ists as leaders, cooperators, and coordinators, each focusing his or her 
attention upon certain specific objectives. In some instances research 
projects are rooted in institutions supported by other funds, either federal 
or industrial; and in many other cases, as in the industries, researches on 
maize or its products have no relation, either cooperative or coordinate, 
with Iowa State College. It is believed that the Iowa Corn Research Insti-
tute, created as an "integral part of the Iowa Agricultural Experiment 
Station, may be able to contribute a unifying medium for its own varied 
researches relating to maize, and likewise for those researches that are 
cooperative with other institutions. It is hoped, too, that industrial 
agencies having need for research may find in the Institute a more suit-
able place for the solution of their problems than in their own independent 
laboratories. 
The Institute should serve also to band together a group of special-
ists interested in the solution of problems relating to maize, to provide a 
unifying medium, and to supply a place where problems relating to in-
dustry may be solved, and to function as a clearing house for researches 
that have been, or are being, made. We are about to witness in these 
meetings a demonstration of these last named functions through its spon-
soring of a symposium in a field of research. It is hoped that in the future, 
groups of specialists may be brought together for the consideration of 
phases of maize research other than those which engage our attention 
today, such as chemical, industrial, and economic aspects. 
Such gatherings as this will not only bring to light new facts and 
principles, but also acquaint the different workers with the progress and 
problems that prevail in related fields. The border line fields and the 
general trend of the advance of our knowledge should, through such 
meetings, come to stand out in sharper relief. In addition, such sym-
posia as this should pave the way to new researches borne out of the 
·efforts and thought of many workers in the field. 
Time will not permit me on this occasion to dwell at length upon the 
general scope of the Institute. The purpose and organization of the Iowa 
[411] 
412 R. E. BUCHANAN 
Corn Research Institute of the Iowa Agricultural Experiment Station 
has been set forth in a brochure already available for general distribution. 
Today, at this the first program of the Institute, we have chosen to direct 
our attention to a symposium entitled: "Applied Botanical Research of 
Maize." 
RESISTANCE AND SUSCEPTIBILITY OF CORN STRAINS TO 
SECOND BROOD CHINCH BUGS 
J. R. HOLBERT, W. P. FLINT, J. H. BIGGER, and G. H. DUNGAN 
From the Bureau of Plant Industry, United States Department of Agriculture, 
Illinois State Natural History Survey and Illinois Agricultural Experiment Station 
Accepted for publication November 16, 1934 
The devastating action of chinch bugs on the corn crop in central 
Illinois during the past two years has resulted in disappointing yields of 
inferior quality in the heavily infested areas (Pl. I). But a more important 
effect of this insect pest has been the hardship and dicouragement that 
have come to the many individual growers whose corn crop has been al-
most completely wiped out. Although properly constructed and well main-
tained barriers are effective in combating the advance of the first brood 
of bugs out of small grain into the corn, and that in itself is highly worth-
while, no known measures are available for preventing adult bugs of the 
first brood from flying into the corn fields in mid-summer and depositing 
eggs from which hatch the second brood that feeds on the crop until it 
matures or is killed. The development and use of strains of corn com-
paratively resistant to the action of the second brood of bugs appears to 
be the most practical and effective method of guarding against unbearable 
losses to large groups of individual growers. The development of such 
resistant strains will allow the grower to assure himself an approximately 
predetermined production without over-planting to balance possible 
losses. 
In the southern part of the central corn belt of Illinois and further 
south, where the frequently recurring cycles of chinch bugs have been an 
important factor in limiting corn production for almost a century; natural 
selection has resulted in the development of a few open-pollinated strains 
that have considerable chinch bug resistance. Flint and Hackleman in a 
publication issued in 19231 called attention to the resistance of Champion 
White Pearl (sometimes called "Democrat"), of certain strains of Golden 
Beauty, and of some other open-pollinated varieties to damage by second 
brood bugs. The merits of these open-pollinated strains, particularly 
Champion White Pearl and Waddell Golden Beauty, under heavy chinch 
bug infestation in the region in which they are adapted (south of the 40th 
parallel) have been demonstrated by repeated tests. 
The situation in the greater part of central Illinois is entirely different. 
All generally grown commercial varieties that have been tested have 
proved to be more or less susceptible. Even in parts of central Illinois 
where chinch bugs have been an important consideration 7 years out of 
10 for the last 25 years, the local varieties that have been tested have 
proved to be comparatively susceptible. And for this section varieties 
like Champion White Pearl and Golden Beauty require a longer season 
than usually is available. 
1 W. P. Flint and J. C. Hackleman, Corn Varieties for Chinch Bug Infested Areas, 
Illinois Bulletin No. 243, 1923. 
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This present chinch bug outbreak has been very disturbing to those 
having the responsibility for the cooperative corn improvement program 
in the state. Some inbreds believed to have an established place in the 
contemplated commercial production of double crosses that had stood 
high in yield tests for several years were injured to such an extent that 
little or no seed was harvested. Fortunately, however, not all the so-called 
good inbreds that have been developed as a result of the cooperative ef-
forts of the workers connected with the State Experiment Stations in the 
corn belt and with the United States Department of Agriculture have 
been susceptible. A few lines have been found, at least one from each 
of the group of lines exchanged with workers in the other corn belt states, 
that have stood up reasonably well as inbreds under heavy second brood 
chinch bug infestation. These lines have transmitted resistance to hybrids, 
as determined by the performance of top crosses and three-way and 
double crosses involving these lines when grown under heavy chinch 
bug infestation2 • 
The scatter diagram in figure 1 was prepared according to the top 
cross method suggested by Jenkins3 from data taken in 1933 from a large 
yield experiment throughout which the infestation was unusually uni-
form. The high degree of correlation (r = 0.84) between the actual and 
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Fig. 1. Scatter diagram of the actual acre yield of 29 double and three-way 
crosses under heavy second brood chinch bug infestation and the estimates 
of their yields obtained by calculating the mean of the values for the top 
crosses of the parental lines when grown under heavy chinch bug infestation, 
Bloomington, Illinois, 1933. 
• J. R. Holbert, W. P. Flint and J. H. Bigger, Chinch Bug Resistance in Corn-
An Inherited Character, Journal of Economic Entomology, February, 1934. 
•Merle T. Jenkins, Methods of Estimating the Performance of Double Crosses in 
Corn, Journal American Society of Agronomy, March, 1934. 
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estimated yields under heavy second brood bug infestation would seem 
to suggest that this method also has merit for estimating the probable 
yields of double crosses under heavy chinch bug infestation when the be-
havior of the parental lines in top crosses under heavy bug infestation is 
known (Pl. II) . 
STUDIES IN 1934 
In addition to the nine cooperative experimental yield tests located in 
different corn growing sections of the state in which varieties and both 
experimental and commercial hybrids were entered, thirty cooperative 
field tests were conducted in 10 central Illinois counties. Data from the 
field tests only are presented in this paper. These field tests, for the most 
part, consisted of 2-, 4-, and 6-row, machine-planted plots extending across 
the fields, special care being taken to select fields as uniform as possible 
in productivity and general topography. In one field the plots were 20 
rows wide. In another field in which the corn was hand-planted, the in-
dividual plots were 10 hills wide and 15 hills long. The intensity of chinch 
bug infestation usually has varied considerably throughout the field. For 
this reason long plots extending across the field have had a distinct ad-
vantage in that the portions to be harvested could be selected in the part 
of the field in which the infestation was reasonably uniform and of suffi-
cient intensity to furnish a basis for determining comparative chinch bug 
resistance. All fields were inspected for intensity and uniformity of in-
festation the latter part of August. 
Plots only two rows wide have not proved as satisfactory for studying 
comparative chinch bug resistance as have plots 4 and 6 rows wide. In the 
2-row plots strains adjacent to very susceptible strains frequently have 
been subjected to an infestation of double intensity, or more, compared 
to the average of the field due to the migration of the bugs away from the 
dead plants of the susceptible strains to the green plants of adjacent re-
sistant strains. For the most part only the center rows of the wider plots 
were harvested. 
Three groups of experimental hybrids were selected by the top cross 
method (fig. 1) for planting in the field tests, one group predicted to be 
susceptible, one resistant and another intermediate in resistance. The 
cooperating farmer's own seed was used for one of the varieties. These 
tests also included six commercial hybrids, other varieties commonly 
grown in that vicinity, and a few top crosses. 
The plots were harvested the last week in October and the first week 
in November by representatives of the cooperating institutions, who also 
were responsible for taking all the data. 
Data are presented in table 1 giving yields of two standards chinch 
bug-resistant varieties, Champion White Pearl and Waddell Golden 
Beauty, and one double cross (Illinois Hybrid 391). Both resistant va-
rieties stood up better under heavy chinch bug infestation than the local 
varieties and also yielded more sound corn in the Sangamon county plot. 
Hybrid 391 gave a substantial increase in yield over the resistant varieties 
in both fields. 
The Swanson field in Knox County was unusual in that one end of 
the field had only a very light infestation while the center of the field had 
a heavy late infestation. On the part of the field where the bugs were not a 
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TABLE 1. Percentage standing plants, total and sound corn yields from local open-
pollinated varieties, two chinch bug-resistant varieties (Champion White Pearl and 
Waddell Golden Beauty) and one double-cross (Illinois Hybrid 391) ranking high 
in chinch bug resistance, all grown under heavy second brood chinch bug infestation, 
Sangamon and Mason Cou11.ties, Illinois, 1934 
Kind of corn ' 
Percentage 
plants 
standing 
Total 
bu. 
SANGAMON COUNTY 
Local varieties 51.0 22.8 
Chinch bug-resistant varieties-
Champion White Pearl 85.3 21.1 
Waddell Golden Beauty 77.l 23.5 
Illinois Hybrid 391 82.4 32.8 
MASON COUNTY 
Local varieties 86.0 33.0 
Chinch bug-resistant varieties-
Champion White Pearl 92.6 32.7 
Waddell Golden Beauty 95.8 31.6 
Illinois Hybrid 391 97.8 40.3 
Acre yield 
Sound 
(Not conspicuously 
damaged by bugs or 
ear rots) 
bu. 
9.0 
16.2 
16.0 
22.6 
29.6 
30.9 
29.4 
37.6 
factor influencing yield, the bug-susceptible and bug-resistant hybrids 
were about equal and both significantly better than the local variety, the 
increases being 14.2 bushels and 11.7 bushels, respectively (table 2). But 
on the part of the field where the late infestation was very heavy the bug-
susceptible hybrids were little better than the local varieties, while the 
chinch bug-resistant hybrids in this part of the field gave an increase of 
14.6 bushels per acre. Perhaps the most noticeable difference between the 
local varieties and the bug-resistant hybrids was the difference in lodg-
ing, the percentages of standing plants being 14.0 and 44.4 per cent, re-
spectively (PL III) . 
Again, in the McKeighan field in Kri.ox County, where the infesta-
tion was light, the suspectible and resistant hybrids were about equal in 
yield and both above the local variety, the increases being 7.0 bushels 
and 6.3 bushels, respectively (table 2). On the Leigh field in the same 
section of Knox County the same bug-susceptible group proved to be 
somewhat inferior to the local variety. The bug-resistant hybrids under 
the heavy infestation in this field, however, yielded 20.4 bushels more 
than the bug-susceptible hybrids and 16.2 bushels more than the local 
variety. 
PLATE I 
ABOVE-Typical damage from a heavy infestation of second brood chinch bugs on 
some of the less productive soil in McLean County, Illinois, 1934. 
BELOW-Typical damage from a heavy infestation of second brood bugs on very 
productive soil near Bloomington, Illinois, 1934. 
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PLATE II 
THE GROWING OF TOP CROSSES UNDER HEAVY SECOND BROOD CHINCH BUG IN-
FESTATION HAS PROVED TO BE A VERY RELIABLE METHOD FOR DETERMINING 
THE REACTION OF INBRED LINES TO CHINCH BUGS IN HYBRID COMBINATION. 
Two Iowa top crosses, Iowa 1163 x Krug (left) and Iowa 1205 x Krug (right), under 
early and heavy second brood chinch bug infestation (above) and under very 
light and late infestations (below), McLean County, Illinois, 1934. 
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PLATE III 
l'HE USE OF CHINCH BUG-RESISTANT HYBRIDS APPEARS TO BE THE MOST EFFECTIVE 
WAY TO COMBAT SECOND BROOD CHINCH BUGS. 
A local open-pollinated variety (left) and a chinch bug-resistant hybrid (right) 
grown under late and heavy second brood bug infestation (above) and under 
very late and light bug infestation in the same field (Swanson Field, Table 2), 
near Galesburg, Illinois, 1934. The corn in front of the baskets is rotted or badly 
damaged, the corn in the baskets is sound. 
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PLATE IV 
Local variety (left) and chinch bug-resistant hybrid (right) growing under early 
and heavy second brood chinch bug infestation in McLean County, Illinois, 1934. 
The basket on the left of each pair contains the sound corn and the one on the 
right the damaged corn. One hundred hills were harvested in each case. 
• 
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The data in table 3 summarizes the results from 20 cooperative field 
tests with heavy second brood bug infestation in eight central Illinois 
counties. The sound yields for the most part represented corn that was 
TABLE 2. Comparison of local open-pollinated varieties, chinch bug-susceptible and 
chinch bug-resistant hybrids, each growing under very light infestation with second 
brood bugs and under heavy infestation with second brood bugs, Knox County, 
Illinois, 1934 
Acre yield 
Increase ( +) 
Sound or decrease 
(Not con- (-)in yield 
spicu- of sound corn 
ously of hybrids com-
Percentage damaged pared with local 
plants by bugs open-pollinated 
standing Total or ear rot) varieties 
Kind of corn pct. bu. bu. bu. 
SWANSON FIELD, LATE AND LIGHT INFESTATION 
Local open-pollinated varieties 
Chinch bug-susceptible hybrids 
Chinch bug-resistant hybrids 
66.l 
71.3 
88.6 
77.5 
89.6 
85.5 
71.7 
85.9 
83.4 
SWANSON FIELD, LATE AND HEAVY INFESTATION 
Local open-pollinated varieties 
Chinch bug-susceptible hybrids 
Chinch bug-resistant hybrids 
14.0 
7.7 
44.4 
63.5 
68.0 
73.4 
53.0 
55.5 
67.6 
McKEIGHAN FIELD, LATE AND LIGHT INFESTATION 
Local open-pollinated varieties 
Chinch bug-susceptible hybrids 
Chinch bug-resistant hybrids 
78.9 
74.3 
96.9 
69.9 
75.2 
74.4 
66.2 
73.2 
72.5 
LEIGH FIELD, EARLY AND HEAVY INFESTATION 
Local open-pollinated varieties 
Chinch bug-susceptible hybrids 
Chinch bug-resistant hybrids 
41.8 
28.4 
67.6 
43.2 
42.2 
57.4 
35.7 
31.5 
51.9 
+14.2 
+11.7 
+ 2.5 
+14.6 
+ 7.0 
+ 6.3 
- 4.2 
+16.2 
not on the ground. Perhaps much of the badly damaged corn on down 
stalks would have been left in the field by farmers. In this connection it 
is of considerable interest that the average sound yield of the local va-
rieties was only about two bushels above the estimated average state 
yield of 20.5 bushels. The chinch bug-susceptible hybrids yielded less 
than the open-pollinated varieties, and those hybrids intermediate in re-
sistance yielded only 4.1 bushels above the varieties. The chinch bug-
resistance varieties, however, yielded 12.6 bushels or 55.3 per cent better 
than the average of the local varieties. 
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DISCUSSION 
The development and use of strains of corn more resistant to damage 
from second brood bug infestation appears to be the most logical and feas-
TABLE 3. Summarized data from 20 cooperative field tests in 8 central Illinois 
counties comparing local open-pollinated varieties and hybrids differing in chinch 
bug resistance, all fields heavily infested with sec-0nd brood bugs, 1934 
Acre yield 
Total Sound 
(Not con-
spicuously 
Percentage damaged by 
plants bugs or ear 
standing rots) 
Kind of corn pct. bu. bu. 
Local varieties 46.9 35.4 22.8 
Chinch bug-susceptible hybrids 42.1 27.3 13.3 
Hybrids intermediate in resistance 58.6 39.7 26.9 
Chinch bug-resistant hybrids 65.2 46.3 35.4 
ible method of attacking the problem. The fact that chinch bugs are recur-
ring with increasing frequency in the corn belt area of central Illinois sug-
gests the desirability of giving attention to chinch bug resistance in con-
nection with the general corn improvement program. New hybrid strains 
of corn developed for sections in which chinch bug outbreaks are fre-
quent must possess, in addition to other recognized requirements such as 
high yield of sound corn and wind resistance, more than average resist-
ance to second brood chinch bugs if their place in the corn production of 
such sections is to be of permanent value. Continued cooperation of 
workers interested in the control of this insect pest and workers through-
out the corn belt who are breeding corn should make the solution of this 
difficult problem possible. 
These results, to date, suggest the possibility of producing hybrids 
that are not only outstanding in yield and quality of grain in years when 
chinch bugs are not present, but that also possess a high degree of resist-
ance to damage from second brood chinch bug attack, thus making such 
strains of very great value in years of heavy chinch bug outbreaks (Pl. 
IV). 
LOSS MUTATIONS IN MAIZE1 
L. J. STADLER 
From the Division of Cereal Crops and Diseases, U. S. Department of Agriculture, and 
the Department of Field Crops, University of Missouri 
Accepted for publication November 16, 1934 
The apparent gene mutations induced by X-rays are probably in many 
instances short deficiencies without lethal effect on the haploid gameto-
phyte. The evidence for this inference has been summarized elsewhere2 • 
A deficiency or other intra-chromosomal alteration transmitted with-
out loss through both male and female gametophytes cannot be distin-
guished genetically from a gene mutation, unless it includes the loci of 
two or more known genes separable by crossing over; also, cytological 
demonstration of deficiency becomes increasingly difficult as the region 
affected becomes smaller. It may, therefore, be impossible to demonstrate 
deficiency by either genetic or cytological means, in specific instances in 
which the deficiency is small enough to be transmitted without loss 
through both male and female gametophytes. 
Many of the induced variations are partially haplo-viable and are 
thus intermediate in genetic behavior between the typical deficiencies 
and the typical gene mutations. In some of these, deficiencies large 
enough for cytological identification in pachytene are found. Several 
cases of this sort are described in the present paper, forming an intergrad-
ing series between the typical deficiencies and the typical mutations. In 
some instances the deficiency is transmitted regularly through female 
gametophytes and partially through male gametophytes. This indicates 
that shorter deficiencies, probably not cytologically demonstrable, would 
in some cases permit fully normal transmission through both male and 
female gametophytes and would thus simulate the genetic behavior of 
typical gene mutation. 
A method was described for the demonstration of deficiency in cases 
in which the chromosome segment lost is too short to permit cytological 
identification. This may be accomplished by the production of shortened 
deficiencies (with accompanying duplications) from haplo-viable defi-
ciencies of demonstrable extent, through the occurrence of crossing 
over in regions of non-homologous pairing. Studies made with deficiency 
51, an internal deficiency including the locus of the gene V 3 in chromo-
some 5, in which non-homologous pairing is fairly frequent, show that 
crossing over may occur in regions of non-homologous pairing with the 
production of viable derivative types. 
1 Abstract of paper presented in Symposium on "Applied Botanical Research of 
Maize." 
2 Proc. VI Intern. Cong. Genetics I, pp. 274-294. 1932. 
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IT'IIE EFFECT OF INBREEDING AND OF SELECTION WITHIN 
INBRED LINES OF MAIZE UPON THE HYBRIDS MADE AFTER 
SUCCESSIVE GENERATIONS OF SELFING 1 
MERLE T. JENKINS 
From the Division of Cereal Crops and Diseases, Bureau of Plant Industry, United 
States Department of Agriculture, and the Farm Crops Subsection, Iowa Agricultural 
Experiment Station 
Accepted for publication November 16, 1934 
The effects of self pollination and of selection upon the resulting 
inbred lines of corn have been studied in considerable detail in the past. 
So far as is known to the writer, no very complete study has been made 
of the performance of crosses made after successive generations of in-
breeding for the purpose of studying (1) the effect of inbreeding (i.e. in-
creased homozygosity) and (2) the effect of selection within the parental 
lines upon hybrids involving them. Richey and Mayer 2 studied crosses 
made after 2, 3, 4, and 5 generations of selfing and found no outstanding 
differences between the average yields of the crosses made after the 
different generations. The crosses after 2 generations of inbreeding were 
lower yielding than the others. The effect of selection was studied by 
Richey and Sprague 8 in back-pollinated lines and in crosses made after 
successive generations of back pollination. Selection apparently was 
effective in producing yields larger than those theoretically expected 
without selection. 
Inasmuch as the practical use of inbred lines, for the present at least, 
appears to be in the production of hybrids, it seemed that a more detailed 
study of hybrids made after successive generations of inbreeding might 
yield information of value. An experiment was planned, therefore, to 
determine the effect of inbreeding and of selection (as it had been prac-
ticed in the Iowa breeding program) upon crosses made after successive 
generations of selfing. The basis of the selection has been similar in 
general to that usually practiced in inbreeding programs. Major emphasis 
has been placed on the selection among progenies with minor emphasis 
on plant selection within progenies. Selection has been for yield of sound 
corn, general plant vigor, desirable plant type and resistance to lodging. 
MATERIALS AND METHODS 
Remnant seed of all the generations of inbreeding of 28 inbred lines 
which had been selfed for 8 generations were used, 14 of the lines being 
from Iodent, a rather closely bred selection of Reid Yellow Dent, and the 
1 Journal paper No. J234, Iowa Agricultural Experiment Station, Ames, Iowa, 
Project No. 163. 
•Richey, Frederick D., and L. S. Mayer. The Productiveness of Successive 
Generations of Self-Fertilized Lines of Corn and of Crosses between Them. U. S. 
Department of Agr. Bul. 1354, 18 p., illus. 1925. 
3 Richey, Frederick D., and George F. Sprague. Experiments on Hybrid Vigor 
and Convergent Improvement in Corn. U. S. Dept. Agr. Tech. Bul. 267, 22 p., illus. 
1931. 
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List of the Inbred Lines Included in the Experiments 
lodent Lines 
3 2 
I 154-4-2-2-3-1-1-2-1 (A) 
4 3 2 3 2 
1 1 1 1 1 1 
I 163-3-3-2-2-2-3-1-1 (A2) 
3 
1 1 
I 173-3-5-2-1-2-3-2-1 (B) 
4 3 2 3 2 
2 3 2 11 
I 182-4-4-4-2-2-3-1-1 
3 3 
3 2 111 
I 185-5-1-3-3-2-3-1-1 (B) 
6 2 
1 4 13 
I 188-2-5-1-1-2-4-1-1 (B) 
3 3 3 
2 
I 197-1-2-6-4-1-1-1-1 (Al) 
43 524 2 
1 
I 211-4-4-1-1-2-1-2-1 (A) 
5542 2 3 
1 
I 219-3-1-2-2-2-1-1-1 
4363 3 2 
1 11 
I 224-2-2-1-2-2-2-2-1 (Al) 
3 2 4 2 
1 1 1 
I 234-2-3-1-4-1-3-2-2 
5 2 2 3 
2 1 1 3 1 
I 238-3-2-6-2-4-3-1-2 
7 3 
3 11 
I 242-2-5-2-1-3-4-2-2 (A2) 
3 3 2 3 
131 
I 252-2-3-5-2-1-1-1-1 
3 2 4 2 
Lancaster Lines 
1121 
L 287-4-2-3-2-2-3-1-2 (Al) 
44 3 
1 11 3 
L 289-4-3-5-2-3-4-1-1 (Al) 
4 6 2 
3 1 3 
L 291-1-9-1-3-4-2-1-1 
3 6 4 2 
1 3 
L 292-3-1-2-3-1-4-1-1 (A) 
3 3 4 2 2 
1 3 2 2 
L 293-3-4-1-3-1-3-1-1 (Al) 
4 2 2 
2 1 2 
L 295-2-2-4-1-3-4-2-1 
3 5 2 3 
4 2 
L 304-1-1-5-1-3-l-l-l (A) 
2 3 2 2 2 
1 2 1 
L 309-1-2-2-2-3-2-1-1 
2 3 3 3 
1 1 
*L 311-4-1-3-2-1-3-3-1 
5 3 4 2 
1 1 2 3 1 
L 317-3-1-2-5-4-2-1-1 (B2) 
3 3 
1 111 
L 320-3-1-5-3-3-2-1-1 (A2) 
5 6 2 
L 324-2-2-1-3-1-1-1-1 
332422 2 
1 1 
L 331-3-1-5-1-2-1-2-1 (A) 
4 7 2 2 2 
2 2 2 
L 337-3-1-2-2-4-3-2-1 
5 3 3 3 
• Only one progeny in the fifth generation of selfing. 
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remaining 14 from Lancaster Surecrop, a very broadly bred variety. 
These represented a random sample of the lines in the two varieties that 
had survived 8 generations of inbreeding. Seed was taken from the 
remnants of the ears representing the direct line of descent in the different 
generations of inbreeding from the first to eighth, inclusive, except the 
seventh. These remnants represented the progenies in ea.ch generation, 
except the eighth, which had been selected to continue the pedigree. 
A remnant representing a sister progeny in each generation was taken 
at random from among those which had been grown and discarded in 
favor of the selected progeny. The pedigrees of the lines included are 
recorded below. The first number in each case represents the ear number 
of the open-pollinated ear from which the line was started. The direct 
line of descent of the selected progenies is shown in the continuous 
horizontal pedigree. The pedigrees of the discarded progenies in the 
different generations which were included for comparison are shown 
above or below the continuous pedigrees. For example, I 154 is repre-
sented in the first inbred generation by progenies 3 and 4. Progeny 3 
was discarded and progeny 4 is represented in the second inbred genera-
tion by progenies 2 and 4, etc. 
Top crosses were used to determine the performance value of the 
inbred lines in crosses. The remnants were grown in 1931 and as many 
as possible of the resulting progenies were top crossed on the Krug 
variety. In crossing, pollen was collected from several plants of an inbred 
line, usually 10 or 12, mixed and applied by hand to 10 ear shoots of the 
open-pollinated variety. The season was extremely hot and dry at pol-
linating time and an unusually poor set of seed resulted. No seed was 
obtained of many of the combinations and only small amounts of others. 
Some crossed seed was obtained from the combinations with each inbred 
line except L 331A which therefore had to be excluded. There was in-
sufficient seed of the inbred lines to permit a repetition and it was decided 
to proceed with the seed obtained. Some combinations were included 
which had as few as 3 pollinated ears-representing a sample of only 3 
plants from the Krug variety. Most of the combinations, however, were 
represented by mixed seed from at least 5 ears. It is recognized that the 
variety was sampled inadequately in some crosses, but it is felt that the 
averages involving several crosses should be reasonably reliable. 
The top crosses were compared in 1932, those with the Iodent lines 
being grown in one group and those with the Lancaster Surecrop lines in 
another. Six 1-row plots, 14 hills long, were planted to each cross where 
seed permitted. The plots were distributed at random within six blocks. 
Acre yields were determined and data were taken on a number of other 
characters of the plants and ears. 
DATA ON YIELD 
The data on yield are more extensive than those on the other char-
acters studied. For this reason they are presented separately. Those on 
the other characters are grouped and discussed in a later section. 
EFFECT OF SELECTION BETWEEN SISTER PROGENIES 
The effect of selection between sister progenies upon the acre yields 
of their hybrids was studied in crosses made after the first to sixth 
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TABLE 1. Acre yields in bushels for the Krug top crosses of the selected and discarded siste·r 
in the eighth selfed generation (indicated as No. 1 and 
Inbred First Second Third 
parent Sel. Disc. Dif. Sel. Disc. Dif. Sel. Disc. Dif. 
I 154A 84.5 78.6 5.9 80.3 80.2 0.1 90.0 80.1 9.9 
I 163A2 78.8 67.8 11.0 ¥ 94.8 74.6 20.2 t 79.0 78.6 .4 
I 173B 80.5 57.0 23.5 .. 74.7 ...... .......... ...... ...... . ......... 
I 182 76.7 86.0./ - 9.3 85.6 78.6 7.0 85.9 72.3 13.6 1 
I 185B 63.4 79.l r -15.h 80.1 80.8""' - 0.7 81.3 81.6" - .3 
I 188B 88.3 77.0 11.3 ~ ...... .. .... .......... ...... .. .... .......... 
I 197Al 76.6 69.7 6.9 91.0 70.1 20.9 84.0 84.5"" - .5 
I 211A 88.4 82.0 6.4 ...... ...... .......... ...... .. .... .......... 
I 219 75.8 61.3 14.5 ~ 80.5 ...... .......... 91.1 85.9 5.2 
I 224Al 89.9 57.7 / 32.2 " 96.8 89.5 7.3 91.5 97,9/ - 6.4 
I 234 74.2 83.1 - 8.9 87.3 90.7- - 3.4 78.4 91.0 "' -12.6" 
I 238 73.4 ...... . ......... 86.4 85.7 .7 81.4 79.6/ 1.8 
I 242A2 ...... ...... .......... 79.6 ...... . ......... 81.2 93.6 -12.4 ' 
I 252 95.6 72.0 23.6 . 88.8 83.3 5.5 96.9 89.0 7.9 
Mean differences 8.45 6.40 0.60 
(J' (Mean Diff.) 4.16 2.94 2.57 
generations of inbreeding, inclusive. Selection in the first generation 
of inbreeding was among selfed progenies descended from the same 
open-pollinated ear. The .data on the crosses after the eighth generation 
of inbreeding were not used in this study as no selection had been prac-
ticed as yet in this generation. Because of the fragmentary nature of the 
data, it was not possible to use them in a single, complete analysis of 
variance as had been planned. Instead, the crosses of the selected and 
discarded sister progenies of each inbred line in each generation of in-
br~ding were paired and the differences between pairs determined. 
Th data are shown in tables 1 and 2. 
The mean differences for the first and second generations of in-
breedlng in Iodent (table 1) are more than twice their standard .errors, 
indicating that the crosses of the selected progenies yielded significantly 
more than those of their discarded sibs. The mean differences for the 
generations of inbreeding after the second in Iodent and for all ~nera­
tions in Lancflster Surecrop (table 2) are too small to e considered 
significant. Afl but one of the mean differences are positive, however, 
and indicate a consistent trend in favor of the crosses of the selected 
progenies, though the individual means are not large enough to be con-
sidered significant as judged individually by their standard errors. 
It should be borne in mind that the selection measured in these 
data is that among plants and related progenies within lines as the lines 
were rapidly becoming homozygous through selfing. The possibilities of 
differential selection naturally are much less in the later generations 
of inbreeding and are smaller than would have been the case had the 
selection been among unrelated lines. 
This effect may be shown in the following comparison. The standard 
error of the acre yields in table 1 is 3.8 bushels and of those in table 2 
is 4.2 bushels. Differences between the crosses of sister progenies in 
table 1of10.7 bushels (twice the standard error of the difference) and in 
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progenies from the first six selfed generations of the Iodent lines and of two sister progenies 
No. 2) between which no selection had been made as yet 
Sel 
94.9 
........ 
70.0 
98.8 
72.7 
········ 68.9 
........ 
97.6 
100.8 
88.9 
80.3 
82.7 
90.6 
Fourth Fifth Sixth Eighth 
Disc. Dif. Sel. Disc. Dif. Sel. Disc. Dif. No. 1 No. 2 
100.6 - 5.7 85.8 ...... .......... 81.2 76.l 5.1 79.5 84.3 
........ .......... 91.2 ...... .......... ...... . ..... . ......... ...... . ....... 
69.4 0.6 70.2 ...... .......... 73.3 . ..... 
·········· 
68.6 72.9 
94.1 4.7 96.9 90.7 6.2 94.9 87.2 7.7 98.0 103.0 
75.1 - 2.4 70.2 76.4 - 6.2 79.5 73.4 6.1 77.7 ........ 
........ .......... ...... ...... .......... ...... ...... . ......... 81.0 73.3 
71.1 - 2.2 92.5 83.7 8.8 79.1 82.2 - 3.1 70.8 80.1 
........ .......... . ..... ...... . ......... 
······ 
. ..... . ......... 69.8 89.5 
86.9 10.7 . ...... ...... .......... 80.8 83.2 - 2.4 87.7 84.4 
102.2 -1.4 102.8 82.1 20.7• ...... ...... .......... 91.6 105.5 
87.5 1.4 91.9 87.3 4.6 89.6 93.8 - 4.2 
······ 
89.2 
77.1 3.2 87.8 84.3 3.5 89.l 83.5 5.6 80.1 82.8 
........ . ......... 78.1 83.9 - 5.8 83.4 80.3 3.1 78.9 87.7 
88.9 1.7 73.6 88.9 -15.3• 92.2 93.1 - .9 85.4 85.4 
1.06 2.06 1.89 
1.44 1.23 1.51 
50 
-.:::- I z 
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GENERATIONS OF INBREEDINC 
Fig. 1. Percentages of significant differences between the yields of crosses of sister 
progenies in successive generations of inbreeding. 
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TABLE 2. Acre yield in bushels for the Krug top crosses of the selected and discarded sister 
sister progenies in the eighth selfed generation (indicated as No. -
Inbred First Second Third 
parent Se!. Disc. Dif. Se!. Disc. Dif. Se!. Disc. Dif. 
L 287Al 81.6 ...... .......... 58.5 65.5 - 7.0 58.6 69.2 -10.6 
L 289Al 77.3 70.0 7.3 83.9 82.0 1.9 75.7 ...... 
·········· L 291 65.8 69.8 - 4.0 76.3 ...... .......... ...... . ..... . ......... 
L 292A 84.5 69.8 14.7· 76.1 58.9 17.2 · 72.9 68.7 4.2 
L 293Al 66.2 54.7 11.5 65.1 47.7 17.4 . 71.7 .. .... . ... ...... 
L 295 55.7 79.4 -23.7 ... ... ...... .......... 70.9 64.6 6.3 
L 304A 81.7 78.1 3.6 82.4 81.2 1.2 93.0 91.2 1.8 
L 309 69.1 53.1 16.0 • 57.1 75.7 -18.6 ' 56.6 71.5 -14.9 1 
L 311 64.l ...... .......... 58.8 74.8 -16.0· 65.9 ...... .......... 
L 317B2 81.4 87.0 - 5.6 68.7 66.9 1.8 86.1 65.4 20.7 ' 
L 320A2 ...... .. .... .......... 80.1 78.7 1.4 .... .. ...... . ......... 
L 324 77.6 37.5 40.1 • ...... ...... .......... 78.9 ...... . .. ....... 
L 337 67.2 55.3 11.9 • ...... ...... .......... 55.1 . ..... . ......... 
JM:ean differences 7.18 -.08 1.25 
IT (JM:ean Diff.) 5.28 4.18 5.21 
table 2 of 11.9· bushels may be considered significant. Frequency distri-
butions of the numbers of significant differences in acre yield between 
the crosses of sister progenies in each generation are recorded in table · 
3 and shown graphically in figure 1. With continued inbreeding the 
yields of the crosses of sister progenies become more nearly equal. 
A rather large percentage of the differences are significant, even in the 
later generations of inbreeding. A portion of these significant differences 
without doubt are due to the inadequate sampling of the Krug variety 
in the individual crosses. There is no means of estimating, however, 
what portion of them are due to this factor. 
TABLE 3. Numbers and percentages of significant differences between the yields of 
crosses of sister progenies in successive generations of inbreeding 
Generation of inbreeding 
Parentage of inbred lines 1 2 ·3 4 5 6 
Iodent 7 2 3 1 2 0 
Lancaster Surecrop 4 4 2 2 2 2 
Totals 11 6 5 3 4 2 
Percentage of differences significant 50 33 30 14 27 14 
EFFECT OF SELECTION IN ISOLATING LINES MORE PRODUCTIVE THAN THEffi PARENTS 
The effect of selection in isolating lines whose crosses were more 
productive than those of their parents was studied in the crosses of the 
selected progenies made after each generation of inbreeding. The data 
were complete for crosses of the selected progenies through all genera-
tions of inbreeding on 7 Iodent and 5 Lancaster Surecrop inbred lines. 
The data are presented in tables 4 and 5. Where data were available on 
I 
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progenies from the first six selfed generations of the Lancaster Surecrop lines and ' of two 
1 and No. 2) between which no selection had as yet been made 
Sel. 
73.8 
83.8 
66.3 
79.9 
74.7 
96.4 
60.9 
74.3 
78.8 
63.9 
73.4 
Fourth Fifth Sixth Eighth 
Disc. Dif. Sel. Disc. Dif. Sel. Disc. Dif. No. 1 I No. 2 
56.1 17.7 t 64.6 57.8 6.8 79.7 85.0 - 5.3 55.6 95.6 
79.1 4.7 77.9 87.6 - 9.7 71.3 
76.7 -10.4 74.3 61.5 12.8 , 79.2 61.2 18.0 j 
76.7 75.9 .8 79.5 68.8 
69.2 10.7 66.6 72.1 83.7 -11.6 75.3 
72.4 2.3 58.3 63.1 71.9 
75.7 20.7' 61.1 
66.2 - 5.3 66.3 62.5 3.8 67.3 48.6 18.71 65.3 59.4 
66.4 7.9 58.6 77.5 65.8 
88.7 - 9.9 73.0 79.2 - 6.2 82.3 56.9 
55.7 8.2 74.4 61.3 13.1, 72.6 65.7 6.9 79.6 75.5 
82.4 - 9.0 75.1 
3.42 3.06 5.34 
3.30 3.32 6.09 
TABLE 4. Summary of the acre yields in crosses after successive generations of in-
breeding, Iodent lines 
Acre yield (bushels) in the generation of 
Inbred inbreeding indicated 
parent 1 2 3 4 5 6 8 Means 
I 154A 84.5 80.3 90.0 94.9 85.8 81.2 81.9 85.5 
I 182 76.7 85.6 85.9 98.8 96.9 94.9 100.5 91.3 
I 185B 63.4 80.l 81.3 72.7 70.2 79.5 77.7 75.0 
I 197Al 76.6 91.0 84.0 68.9 92.5 79.1 75.5 81.1 
I 234 74.2 87.3 78.4 88.9 91.9 89.6 89.2 85.6 
I 238 73.4 86.4 81.4 80.3 87.8 89.1 81.5 82.8 
I 252 95.6 88.8 96.9 90.6 73.6 92.2 85.4 89.0 
Means 77.8 85.6 85.4 85.0 85.5 86.5 84.5 
-
TABLE 5. Summary of the acre yields of crosses after successive generations of in-
breeding, Lancaster Surecrop lines 
Acre yield (bushels) in the generation of 
Inbred inbreeding indicated 
parent 1 2 3 4 5 6 8 Means 
L 287Al 81.6 58.5 58.6 73.8 64.6 79.7 75.6 70.3 
L 293Al 66.2 65.1 71.7 79.9 66.6 72.1 75.3 71.0· 
L 309 69.1 57.1 56.6 60.9 66.3 67.3 62.4 62.8 
L 311 64.l 58.8 65.9 74.3 58.6 77.5 65.8 66.4 
L 317B2 81.4 68.7 86.1 78.8 73.0 82.3 56.9 75.3 
Means 72.5 61.6 67.8 73.5 65.8 75.8 67.2 
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the crosses of 2 progenies in the eighth generation of inbreeding, the 
mean of the two values was used. 
The analyses of variance for the data in tables 4 and 5 are shown 
in tables 6 and 7. The means of the yields of crosses for the Iodent lines 
(table 4) are about equal for the different generations of inbreeding 
except for the first generation, which is somewhat lower than the rest. 
TABLE 6. Analysis of variance of the acre yields of crosses with Iodent lines 
Source of 
Variation D!F Sum of squares Mean square Ratio to error 
Total 48 3352.9012 69.8521 
Lines 6 1218.6983 203.1164 4.14* 
Generations 6 368.3955 61.3993 1.25 
Error 36 1765.8074 49.0502 
•Very significant. 
TABLE 7. Analysis of variance of the acre yields of crosses with Lancaster Surecrop 
lines 
Source of 
variation D!F Sum of squares Mean square Ratio to error 
Total 34 2433.4617 71.5724 
Lines 4 632.3445 158.0861 3.57* 
Generations 6 737.4057 122.9010 2.77* 
Error 24 1063.7115 44.3213 
• Very significant. 
The variance among the means for generations is not significantly larger 
than that due to error (table 6). The means of crosses for the different 
generations of the Lancaster Surecrop lines differ significantly, according 
to the analysis of variance in table 7, but show no particular trend. The 
means for both the Iodent and Lancaster Surecrop lines are shown 
graphically in figure 2. 
Only those lines for which the data were complete were included 
in tables 4 and 5. Fragmentary data were available on additional lines 
which could be utilized by a different method of analysis. In table 8 
are recorded the differences between the yields of the crosses of the 
selected progenies in successive generations for all of the Iodent and 
Lancaster Surecrop lines. Table 8 was made up from tables .1 and 2 and 
includes all of the lines where two successive generations could be 
paired. In each case the difference was determined by subtracting the 
earlier generation from the later; a positive difference therefore indicates 
that the cross of the later generation was more productive. Where data 
were available on two crosses of a line in the eighth generation, their 
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mean value was paired with the yield of the selected line after the sixth 
generation. The only significant mean difference occurs between the 
fifth and sixth generations and doubtless is due to chance. Four of the 
mean differences are positive and two are negative. 
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Fig. 2. The mean acre yields of the Krug top crosses of the successive inbred 
generations of 7 Iodent and 5 Lancaster Surecrop lines. 
INDIVIDUALITY OF THE PARENT INBRED LINES 
The productiveness of the different lines in top crosses differs 
markedly as shown in tables 4 and 5. The variances ascribed to lines 
(tables 6 and 7) are significantly greater than those due to error in 
both the Iodent and the Lancaster Surecrop groups. The complete data 
on acre yields recorded in tables 1 and 2 are shown graphically in figures 
3 and 4, respectively, those for the crosses of each parent line being 
plotted separately. The horizontal dashed lines in these figures enclose 
a band twice the standard error of a difference (10.7 bushels in figure 3 
and 11.9 bushels in figure 4) on each side of the yield of the cross of the 
selected progeny made after the second generation of selfing. ·For parent 
lines where no cross after two generations of selfing was available, the 
crosses of the selected progenies after either three generations or one 
generation of selfing were used. 
Ten of the Iodent lines shown in figure 3 have data on crosses after 
the second and the sixth and eighth generations of inbreeding and one 
additional line has data on crosses after the second and eighth genera-
tion of inbreeding. For nine of these eleven lines the crosses after the 
sixth and eighth generations of inbreeding do not differ significantly 
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TABLE 8. Summary of the differences between the acre yields of the top crosses 
made after successive generations of inbreeding 
2nd 3rd 4th 5th 6th 8th 
Parent minus minus minus minus minus minus 
line 1st 2nd 3rd 4th 5th 6th 
I 154A 
- 4.2 9.7 4.9 - 9.1 - 4.6 0.7 
I 163A2 16.0 -15.8 ...... . ..... . ..... . ..... 
I 173B - 5.8 ...... . ..... 0.2 3.1 - 2.5 
I 182 8.9 0.3 12.9 -1.9 - 2.0 5.6 
I 185B 16.7 1.2 - 8.6 - 2.5 9.3 -1.8 
I 188B ...... ...... ...... . ..... ...... . ..... 
I 197Al 14.4 - 7.0 -15.1 23.6 -13.4 - 3.6 
I 211A ...... ...... . ..... ...... . ..... . ..... 
I 219 4.7 10.6 6.5 
······ 
...... 5.3 
I 224Al 6.9 - 5.3 9.3 2.0 ...... ...... 
I 234 13.1 -8.9 10.5 3.0 - 2.3 - 0.4 
I 238 13.0 - 5.0 -1.1 7.5 1.3 - 7.6 
I 242A2 ...... 1.6 1.5 - 4.6 5.3 -0.1 
I 252 - 6.8 8.1 - 6.3 -17.0 18.6 - 6.8 
L 287Al -23.1 0.1 15.2 - 9.2 15.1 - 4.1 
L 289Al 6.6 - 8.2 8.1 - 5.9 ...... . ..... 
L 291 10.5 ...... ...... 8.0 4.9 . ..... 
L 292A - 8.4 - 3.2 ...... . ..... 2.8 -10.7 
L293Al -1.1 6.6 8.2 -13.3 5.5 3.2 
L 295 ...... . ..... 3.8 ...... ...... 9.2 
L 304A 0.7 10.6 3.4 
······ 
...... ...... 
L 309 -12.0 - 0.5 4.3 5.4 1.0 - 4.9 
L 311 - 5.3 7.1 8.4 -15.7 18.9 -11.7 
L 317B2 -12.7 17.4 - 7.3 - 5.8 9.3 -25.4 
L 320A2 ...... ...... . ..... ...... . ..... . ..... 
L 324 ...... ...... -15.0 10.5 -1.8 5.0 
L 337 
······ 
...... 18.3 ...... ...... . ..... 
Mean dif-
ferences +1.61 +i.02 +3.10 -1.38 +4.18 - 2.81 
tr mean diff. 2.50 1.93 2.10 2.41 2.03 1.90 
from those of the selected progeny after two generations of inbreeding, 
indicating that the individuality of the lines was established rather early 
in the inbreeding process. This is the same tendency as shown in the 
analysis of variance in table 6. The variance ascribed to "error" in tables 
6 and 7 is in reality the interaction of line with generation. The fact 
that the variance due to line is significantly greater than that due to 
error indicates that the lines have definite tendency to maintain their 
respective placings in successive generations. 
The data for the Lancaster Surecrop lines shown in figure 4 are 
more fragmentary than those for the Iodent lines and show greater fluc-
tuation from generation to generation. Six lines have data on crosses 
after the second, sixth and eighth generations of inbreeding. For five 
of these lines, one or more of the crosses after the sixth and eighth 
generations of selfing differ significantly from those of the selected 
progenies after two generations of selfing. The fluctuations appear to be 
random, however, with no particular trend and may be due in part to 
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IOO I 154 A 
Fig. 3. Graphic presentation of the acre yields of the crosses of the lodent lines 
after successive generations of inbreeding. Taken from the data in table 1. 
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Fig. 4. Graphic presentation of the acre yields of the crosses of the Lancaster Sure-
crop lines after successive generations of inbreeding. Taken from the data in table 2. 
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poor sampling of the Krug variety. The analysis of variance in table 7 
here too, however, indicates a significant tendency of the lines to maintain 
their respective placings through the inbreeding period. 
DATA ON CHARACTERS OTHER THAN YIELD 
In addition to acre yield, data were taken on the following plant 
and ear characters of the crosses: 
1. Plant height, inches 
2. Nodes per plant, number 
3. Lodging grade ./ 
4. Moisture in the harvested ears, percentage 
5. Diplodia infected ears, percentage ..J 
6. Kernel rows per ear, number 
7. Shelling percentage 
8. Test weight per bu., pounds 
9. Ears per cwt., number 
The parent inbred lines had been subjected during their development 
to selection for resistance to lodging and freedom from moldy ears, 
whether due to diplodia or other ear rotting organisms. No particular 
selection had been practiced with regard to the other characters men-
tioned above so that the changes expected in these characters would be 
those incidental to the selection for yield, general plant vigor and re-
sistance to lodging and disease. 
Tables similar to 1 and 2 were prepared for each character and the 
mean differences between the crosses of sister progenies with their 
standard errors were determined. These are summarized in table 9. 
Differences two or more times their standard errors are printed in bold 
face type. 
None of the differences for lodging grade or for diplodia infected 
ears, the two characters subjected to selection, are large enough to be 
considered significant. Of the 12 differences for lodging grade 9 are 
negative and indicate a tendency for the crosses of the selected progenies 
to be more erect (lower grades indicate less lodging) than those of the 
discarded ones. Of the 12 differences for percentage of diplodia-infected 
ears 11 are positive, indicating a consistent tendency for the crosses of 
the selected progenies to have more ear rot. 
In the characters for which no particular selection had been prac-
ticed there were two significant differences following 1 generation of 
inbreeding, 2 following 2 generations of inbreeding and 3 following 5 
generations of inbreeding. Inasmuch as the differences following the 
fifth generation of inbreeding in both the Iodent and Lancaster Surecrop 
lines occur in characters which in no case show significant differences 
in earlier generations, it would appear that they must be due to chance 
or to some extraneous cause. 
Tables similar to 4 and 5 also were prepared for these characters. 
A summary of the means for each character after successive generations 
of inbreeding is ·recorded in table 10. Analyses of variance for the various 
characters similar to those "for acre yield shown in tables 6 and 7 are 
summarized in table 11. 
TABLE 9. Summary of the mean differences between the top crosses of the selected and discarded sister progenies f-0llowing the dif-
ferent generations of inbreeding 
Mean differences following the generation indicated 
Character 1 2 3 4 5 6 
Iodent Lines 
Plant height inches 
- 1.44±1.47 1.92±1.14 - .24± 1.35 .87±1.68 -1.29 ± 1.77 - .27 ±1.89 
Nodes per plant, number 
.07 ± .15 .39 ± .19 .03± .24 .21 ± .15 .06± .16 - .36± .25 
Lodging grade 
- .09± .13 - .19± .13 - .05± .13 - .05± .10 - .20± .11 .08± .09 
Moisture, per cent 
- .60±1.37 .84±1.06 - .86± .78 - .63± .56 1.19± .54 .06± .70 
Diplodia infected ears, p. ct. 
.09± .66 .03± .41 .12± .74 .00± .43 .08 ± .57 .44± .65 
Kernel rows per ear, number 
- .55± .42 - .65± .46 - .10± .50 - .04± .21 .33± .26 - .33± .24 
Shelling percentage 
.78± .57 - .40± .58 .10± .40 - .18± .19 - .14± .24 .30± .29 
Test weight per bu, pounds. 
.53± .25 - .10± .29 .15 ± .43 - .35± .25 - .11± .15 - .11± .22 
Ears per cwt., number 
-16.67 ± 8.34 -6.67 ±9.94 -1.45 ± 5.47 3.90 ± 4.72 - .13± 7.28 --6.89 ± 4.45 
Lancaster Surecrop Lines 
Plant height, inches 
- 1.80 ±3.30 -2.13 ±3.03 - .30± 1.80 4.23 ± 2.19 - .63± 2.22 1.20 ± 3.99 
Nodes per plant, number 
- .08± .25 - .03± .21 .13± .28 .11± .23 - .47± .08 - .04± .21 
Lodging grade 
- .08± .38 + .13± .56 - .17± .72 - .02± .61 .00± .14 - .02± .64 
Moisture, per cent 1.12± .87 - .11± .67 .98± .52 - .08± .79 -1.71 ± .87 - .30±1.10 
Diplodia infected ears, p. ct. 
.73 ± .84 - .29± .67 .38± .79 .25± .74 .70± 1.09 .68±1.43 
Kernel rows per ear, number 
.00± .34 - .49± .41 - .50± .30 - .10± .31 - .34± .33 .32± .38 
Shelling percentage 
- .26± .70 - .73± .62 - .08± .90 - .75± .50 .96± .17 - .26± .53 
Test weight per bu., pounds 
- .18± .47 .97 ± .46 .47 ± .79 .52 ± .69 1.34 ± .69 - .36± .59 
Ears per cwt., number 
-12.30± 8.33 7.33 ± 8.84 --6.83 ± 12.69 5.09 ± 7.55 -7.57 ± 10.19 -7.20 ±8.90 
INBREEDING AND SELECTION WITHIN INBRED MAIZE LINES 443 
TABLE 10. Summary of the mean values for the characters others than yield 
Mean values following the generation indicated 
Characters 1 2 3 4 5 6 8 
Iodent Lines 
Plant height, inches 83.1 82.8 82.8 82.5 81.6 86.4 81.9 
Nodes per plant, number 15.8 15.6 15.4 15.4 15.2 15.3 15.2 
Lodging grade 3.2 3.0 3.0 3.1 3.1 3.2 3.2 
Moisture, per cent 25.3 25.5 24.3 24.4 24.7 25.6 24.4 
Diplodia infected ears, p. ct. 1.5 .3 1.8 .8 .3 1.2 1.0 
Kernel rows per ear, number 16.5 17.2 16.4 16.9 16.7 16.4 16.7 
Shelling percentage 85.9 85.5 85.4 85.9 86.1 86.0 85.7 
Test weight per bu., pounds 59.3 59.4 59.1 58.4 59.4 59.4 59.1 
Ears per cwt., number 199.3 195.6 200.6 194.6 193.7 194.7 196.0 
Lancaster Surecrop Lines 
Plant height, inches 84.6 87.3 90.6 89.1 89.4 92.1 89.4 
Nodes per plant, number 15.2 15.2 15.4 15.4 15.4 15.4 15.3 
Lodging grade 3.0 3.0 3.1 2.9 2.9 2.9 2.8 
Moisture, per cent 24.6 27.4 27.7 27.1 26.2 27.3 27.0 
Diplodia infected ears, p. ct. 2.8 2.0 2.4 3.1 1.6 1.3 0.6 
Kernel rows per ear, number 15.5 15.3 15.7 15.5 15.9 16.0 15.8 
Shelling percentage 84.0 81.5 82.1 81.7 81.9 82.0 81.3 
Test weight per bu., pounds 60.l 59.5 59.5 59.0 59.9 59.0 59.2 
Ears per cwt., number 211.0 230.6 220.8 210.8 226.0 207.2 213.4 
The ratios of the variance due to generations to that due to error 
indicate no significant differences among the means for successive genera-
tions in either the Iodent or the Lancaster Surecrop lines. The ratios of 
the variance due to lines to that due to error indicate that the means of 
the crosses for lines differed significantly among the Iodent lines as 
regards nodes per plant, percentage moisture, kernel rows per ear, shelling 
percentage and test weight per bushel. The means of the crosses for lines 
differed significantly among the Lancaster Surecrop lines for nodes per 
plant, kernel rows per ear, shelling percentage, test weight per bushel 
and ears per cwt. 
DATA ON VARIABILITY 
The statement often is made that the selection ordinarily practiced 
in inbreeding projects with corn has a tendency to perpetuate the more 
heterozygous individuals. If this is the case, the crosses of the selected 
progenies might be expected to be more variable than those of the dis-
carded progenies. Data were taken on individual plants (in two or three 
replications as indicated) and the variance computed for the following 
characters: 
Plant yield, grams-3 replications 
Plant height, inches-2 replications 
Nodes per plant, number-2 replications 
Kernel rows per ear, number-3 replications 
The variances were assembled in tables similar to 1 and 2 and the 
mean differences between the variances of the top crosses for the selected 
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TABLE 11. Summary of the variance between lines and between generations for the 
characters other than yield 
Mean squares Ratios 
Lines Gen. 
Characters Lines Generations Error Error Error 
Iodent Lines 
Degrees of freedom 6 6 36 
Plant height 16.7031 17.3979 8.7651 1.91 1.98 
Nodes per plant 1.7204 .3709 .1728 9.96 2.15 
Lodging grade .5854 .0502 .4925 1.19 .10 
Moisture 12.7066 2.0404 2.5046 5.07 .81 
Diplodia infected ears 1.7608 2.1937 1.8299 .96 1.20 
Kernel rows per ear 6.1656 .5370 .5364 11.49 1.00 
Shelling percentage 2.9797 .4340 .5442 5.48 .80 
Test weight per bu. 7.7733 .9061 .5246 14.82 1.73 
Ears per cwt. 281.4762 46.4762 190.2857 1.48 .24 
Significant ratios• 
5 per cent point 2.36 2.36 
1 per cent point 3.36 3.36 
Lancaster Surecrop Lines 
Degrees of freedom 4 6 24 
Plant· height 44.7453 28.4265 21.7008 2.06 1.31 
Nodes per plant 2.2007 .0510 .1016 21.66 .50 
Lodging grade .3025 .0338 .1339 2.26 .25 
Moisture 11.0761 5.6472 2.7150 4.08 2.08 
Diplodia infected ears 2.7347 3.7423 4.3896 .62 .85 
Kernel rows per ear 5.4833 .3272 .2788 19.67 1.17 
Shelling percentage 16.4269 4.0080 2.7992 5.87 1.43 
Test weight per bu. 7.0954 .9000 .9739 7.29 .92 
Ears per cwt. 1,306.9572 386.4572 225.0405 5.81 1.72 
Significant ratios• 
5 per cent point 2.78 2.51 
1 per cent point 4.22 3.67 
*From Tables by Snedecor, G. W. Analysis of Variance. Collegiate Press, Inc., 
Ames, Iowa. 1934. 
and the discarded sister progenies were determined. These mean differ-
ences with their standard errors are recorded in table 12. Differences 2 or 
more times their standard errors are printed in bold faced type. 
Only two of the mean differences are significant as judged by their 
standard error. Taken as a whole the differences indicate the relative 
variability of the crosses of the selected and the discarded progenies to 
be about equal. Either the selection practiced has not tended to perpetu-
ate the more heterozygous individuals or the methods of measurement 
used have not been sufficiently precise to demonstrate such a tendency. 
Tables similar to 4 and 5 were prepared and the means of the vari-
ances after successive generations of inbreeding were determined. These 
means are summarized in table 13. The data on the variability were sub-
jected to analyses of variance, similar to those shown in tables 6 and 7. 
These analyses are summarized in table 14. 
TABLE 12. Summary of the mean differences between the variances of the top crosses of selected and discarded sister progenies in the 
different generations of inbreeding 
Characters 
Iodent Lines 
Plant yield, grams 
Plant height, inches 
Nodes per plant, 
number · 
Kernel ro 
ear, num 
Larl.ster Su 
Llnes 
Plant yield, grams 
Plant height, inches 
Nodes per plant, 
number 
Kernel rows per 
ear, number 
1 
--618.1 ±1181.7 
4.41± 6.30 
/ 
.24± .16 
.46± .59 
-997.8 ±1083.6 
3.42± 7.83 
.02± .18 
.17± .50 
Mean differences following the generation indicated 
2 3 4 5 6 
-1752.1 ± 443.2 1507.5 ±1367.5 -427.8 ±903.1 -1070.5 ±2290.6 490. 7 ± 951.8 
2.70± 3.42 6.48± 5.04 6.39± 5.22 6.93± 5.40 1.80± 7.29 
.05± .12 .07± .19 .01± .14 .07± .17 .12± .13 
.93± .69 .12± .41 .58± .47 .10± .60 .75± .30 
425.5 ±1348.5 1531.6 ±1483.8 303.4 ± 472.8 - 2367.9 ± 4959.4 - 699.9 ± 1550.7 
8.19± 11.16 4.59± 13.50 1.44± 6.93 1.08± 13.23 5.40± 3.87 
.04± .11 .18± .29 .00± .11 .12± .13 .04± .11 
.60± .62 .71± .63 1.05± .71 .37± .34 .32± .22 
446 MERLE T. JENKINS 
TABLE 13. Summary of the mean variances for the characters studied 
Mean variance following the generation indicated 
Character 1 2 3 4 5 I 6 8 
Iodent Lines 
Plant yield, grams* 107.72 72.84 90.52 89.59 70.91 74.74 93.06 
Plant height, inches 51.39 47.70 52.65 47.97 58.23 52.11 45.18 
Nodes per plant, 
number 1.60 1.29 1.37 1.43 1.21 1.23 1.19 
Kernel rows per 
ear, number 4.61 4.73 3.78 3.86 3.79 3.30 3.73 
Lancaster Surecrop Lines 
Plant yield, grams* 113.10 119.07 113.35 110.18 106.22 96.72 121.92 
Plant height, inches 62.64 72.54 54.00 59.31 58.68 60.12 43.20 
Nodes per plant, 
number 1.38 1.34 1.38 1.08 1.33 1.35 1.05 
Kernel rows, per 
ear, number 3.80 4.06 3.84 4.28 3.37 3.63 3.61 
• The values in this line have been divided by 100. 
TABLE 14. Summary oj the variance between lines and between generations for the 
vafiances of the four characters measured 
Mean squares 
Lines Gen. 
Characters Lines Generations Error Error Error 
lodent Lines 
Degrees of freedom 6 6 36 
Plant yield 10,510.8195*. 12,618.9054* 5,389.7470* 1.95 2.34 
Plant height 294.8400 127.1295 174.7980 1.69 .73 
Nodes per plant .0473 .1565 .0952 .50 1.64 
Kernel rows per ear 1.0999 1.8353 1.1652 .94 1.58 
Significant ratios .. 
5 per cent point 2.36 2.36 
1 per cent point 3.36 3.36 
Lancaster Surecrop 
Lines 
Degrees of freedom - 4 6 24 
Plant yield 5,385.9758* 3,500.0392* 4,667.0239* 1.15 .75 
Plant height 864.9Q18 394.6401 352.5039 2.45 1.12 
Nodes per plant A1t36 .1056 .1012 .63 1.04 
Kernel rows per ear 4.1005 .4560 .6316 6.49 .72 
Significant ratios** ' 2.78 2.51 
5 per cent point 2.78 2.51 
1 per cent point 4.22 3.67 
• Divided by 1,000. 
**Interpolated from tables by Snedecor, G. W. Analysis of Variance. Collegiate 
Press, Inc., Ames, Iowa. 1934. 
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The ratios of the variances due to generations to those due to error 
indicate no differences in the variability of crosses made after successive 
generations of inbreeding. The use of open-pollinated Krug as one par-
ent of the crosses, however, may have introduced so much variability as 
to mask any change in variability due to selection or to continued in-
breeding. 
DISCUSSION 
The data presented represent an attempt to measure the effects which 
the inbreeding and selection practiced in the Iowa breeding program have 
had upon the crosses made after successive generations of inbreeding. 
The procedure of testing the lines in top crosses was used because of the 
simplicity of the method. The results probably have been affected by the 
inadequate sampling of the Krug variety in some cases and the perform-
ance of individual combinations must be interpreted with this in mind. 
It would seem, however, that the general averages for generations, lines, 
etc., should be reasonably reliable. 
The more important conditions brought out by the data are: 
1. Selection between sister progenies was effective in choosing the 
progenies whose crosses were slightly but consistently more productive 
than those of their discarded sibs. The crosses of the selected progenies 
also were more erect but were more susceptible to diplodia. 
2. Selection was ineffective in improving strains so that their crosses 
differed consistently from those of their parent in productiveness or in 
any of the other characters studied. The inbred lines, particularly the 
Iodent lines, acquired their individuality as parents of top crosses very 
early in the inbreeding process and remained relatively stable thereafter. 
Fluctuations in the productivity of the cr9sses of the later generations 
appear to have been random, at least they show no particular trend. 
The general ineffectiveness of the selection in influencing the top 
crosses of subsequent generations is a disappointment to the plant breeder. 
It might reasonably be assumed that with continued inbreeding and selec-
tion the ~ljij.d of the hybrids of progenies from the later generations of 
inbreedirlg should have been larger than the yield of those from the earlier 
generations. There is no indication that this was the case. Apparently 
the effective selection between sister progenies has been successful only 
in preventing the yields of crosses from the later generations in actually 
being lower than those from the earlier generations. These results do not 
minimize the need for or the effects of the selection upon the parent lines 
themselves. They do emphasize the necessity, however, of basing selec-
tion for performance in hybrids upon the results of crossing trials rather 
than simply upon the characteristics of the lines themselves. 
The early individuality of .the lines should permit testing them in 
crosses earlier than usually has been the case, with the consequent earlier 
elimination of unpromising lines. Such a procedure should permit a con-
centration of effort on the lines more promising in hybrid combination. 
The early stability of the lines was not expected. Two possible ex-
planations suggest themselves. The first is based upon the assumption 
that the total complement of yield factors is rather small and that very 
early in the inbreeding process the lines became homozygous for certain 
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major factors and changed little thereafter. This explanation is not in 
keeping with present information regarding quantitative characters. "Stu-
dent"4 has recently estimated that from 100 to 300 genes control oil and 
protein content in maize on the basis of the Illinois selection experiments. 
Certainly yield and the other characters considered in these experiments 
should be controlled by no fewer genes. Data already presented showed 
that there were significant differences between the crosses of sister 
progenies for too many generations to assume that the parent lines were 
homozygous. 
A second and what seems to the writer a more reasonable explana-
tion is based on the assumption that yield (and the other quantitative 
characters studied) is controlled by a larger number of factors, many of 
them having approximately equal influence. As selfing drove these into 
fixation, the selection practiced merely sampled the modal classes in each 
generation. 
The various plants in an open-pollinated variety of corn (or the seg-
regating generations following a cross) will have different complements 
of genes affecting the different characters. The inbreeding process theo-
retically should drive equal numbers of dominants and recessives into 
fixation. The fixing of recessives results in reduced vigor of the inbred 
lines. The operation of chance in the selection of the particular dominant 
genes to be fixed among a group of dominants of approximately equal 
value, however, should not change the performance of the line in crosses. 
For each dominant gene lost through being fixed in the recessive condition 
another theoretically will be fixed in the homozygous dominant condition 
and thus the number of dominant allelomorphs present will remain un-
changed. 
As an example,. assume that genes A, B, C and D have essentially 
equal influence upon a quantitative character such as yield. If a strain 
of corn heterozygous for these 4 factors is selfed, the resulting inbred lines 
will, on the average, have 2 of them fixed in the homozygous dominant 
condition and 2 in the homozygous recessive condition. The average of a 
large number of crosses (or the top cross) of a line of the composition 
AA BB cc dd should be equal to that of a line of the composition aa bb CC 
DD or for that matter the average for either of these lines should be equal 
to that of the parent from which they were developed, which was Aa Bb 
Cc Dd. In each case 4 dominant genes of equal influence are brought into 
the crosses and the end results should be equal. The relative vigor of the 
parent lines might be very different, however. The crossing results should 
be similar regardless of whether it be assumed that the effect of the dif-
ferent factors is additive or is cumulative in some such manner as sug-
gested by the interaction hypothesis of Rasmusson3 • The question of 
"nicking" is not considered, as the discussion is concerned with average 
performance in combination with a broad range of germ plasm. Under 
these conditions "nicking" is of little importance. 
This explanation of the individuality of the lines in crosses with re-
gard to quantitative characters is based upon the added assumption of 
•"Student." Evolution by Selection. Eugenics Review 24: 293-296. 1933. 
•Rasmusson, J. A contribution to the theory of quantitative character inheritance. 
Hereditas 18: 245-261. 1933. 
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maintaining a rather fixed number of dominant genes throughout the 
selfing process instead of confining it entirely to the perpetuation of par-
ticular dominant genes. If it is correct, the differences between lines will 
in a large measure be those which exist in the plants from which the lines 
are started. The early individuality of the lines should make possible the 
earlier testing of them and the elimination of undesirable lines before / 
much effort has been spent upon them. 
The data indicate greater possibilities for progress in selection among 
lines rather than within them. Any modification in practice which would 
facilitate selection among larger numbers of lines or a greater concentra-
tion of effort on the most promising lines should aid progress in the de-
velopment of better lines. The selection in the early generations might 
be concentrated on selection among lines based on crossing tests and that 
in the later generations might have as its primary object the improvement 
of those characters which "dress up" the line and its crosses. 
The newer lines begun at the Iowa Station are now being tested in 
top crosses after two generations of selfing. The top crosses might be made 
after one generation of inbreeding, however, or might even be made at 
the time the open-pollinated plants are inbred the first time. Under such 
a procedure the open-pollinated plants might be both selfed and used as 
the pollen parents of top crosses. The similarity between such a procedure 
and the ear-to-row tests of previous years is at once apparent. Ear-to-row 
tests determined the yields of crosses between individual plants and the 
parent variety, the individual plants being used as seed parents. In the 
ear-to-row procedure, however, the identity of the individual plants as 
sources of breeding lines had been lost when the test was completed. In 
the procedure suggested above their identity would be preserved. The 
numerous published results of ear-to-row tests have · offered ample prom-
ise for corn improvement if the identity of the better lines were to be 
maintained. 
SUMMARY 
Two progenies from the first to eighth generations of inbreeding, in-
clusive, except for the seventh, of 14 inbred lines each of Lancaster Sure-
crop and of Iodent were top crossed with Krug. One of these progenies 
from each inbred line in each generation was the selected progeny repre-
senting the direct line of descent. The other represented a sister progeny 
chosen at random from among those discarded in favor of the one selected 
to continue the pedigree. 
Data were taken on a number of characters in the top crosses in order 
to study (1) the effect of inbreeding and (2) the effect of selection within 
the parental lines upon hybrids involving them. 
Selection between sister progenies was effective in isolating those 
progenies whose crosses were slightly but consistently more productive 
than those of their discarded sibs. 
Selection was ineffective in isolating strains whose crosses differed 
from those of their parents in productivenss or in any of the other char-
acters studied. 
The inbred lines acquired their individuality as parents of top crosses 
very early in the inbreeding process and remained relatively stable there-
after. 
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The data indicate that selection for performance should be based upon 
crossing tests rather than upon the appearance of the parent lines. 
The early individuality of the lines in crosses should permit their 
early testing, possibly after the first and certainly after the second gen-
eration of inbreeding. 
This early stability of the lines in crosses is explained on the basis of 
the numbers of dominant genes present as well as the particular genes 
present. Essentially equal numbers of dominant allelomorphs will be 
preserved through the successive generations of selfing. 
SOME NEW MUTANTS IN MAIZE1 
E. w. LINDSTROM 
From the Genetics Section, Iowa Agricultural Experiment Station 
Accepted for publication November 16, 1934 
Mutations as a source of new variations for organic evolution are 
gradually assuming more importance, particularly in the newer statis-
tical philosophy of genetics. In the early days of the mutation hypoth-
esis, it scarcely seemed reasonable that the few, crude, retrogressive 
mutants could be of any positive value. With the discoveries that genes 
have manifold effects, and that the drift of the genes through an amazing 
number of gene complexes provides infinite possibilities of adaptation 
in such a trial and error selective process, it became evident that new 
mutant genes, even though they exhibit a superficial, retrogressive 
change, may nevertheless serve as good building stones for entirely new 
combinations of adaptive gene changes. We still need, for sy.ch generali-
zations, more material and more data covering a wider range of mutant 
changes. Especially do we need further evidence on the dominance re-
lations of new mutants. 
During the past two decades, research with inbred lines of maize 
has provided a fertile source for the isolation of new mutants under con-
trolled conditions. In the present report, descriptions and genetic experi-
ments with eight new mutants, four dominants and four recessives, are 
presented with the sole object of recording and adding to our knowledge 
of hereditary mutations. These mutants involve variations in chloro-
phyll, morphology, anthocyanin, sex and carbohydrates. 
DOMINANT MUTATIONS 
1. Dominant chlorophyll 'old-gold' striping. In 1932, a single mutant 
plant occurred in a standard, inbred yellow-dent line (Idt) which had 
been selfed for the preceding 9 generations and sib-pollinated the 10th 
generation. The first 5-6 leaves were full green and then a light green 
or yellow striping began to emerge in the younger leaves. This striping 
became increasingly broader and yellower in the succeeding leaves 
until the last two leaves just below the tassel were practically pure 
golden-yellow. The plant produced abundant pollen. 
When outcrossed with another standard, inbred line (Ldg), the off-
spring showed a clean-cut 1: 1 ratio of yellow-striped (old-gold) and 
full green plants (total 56 old-gold striped: 47 green). This F 1 generation 
exhibited the expected heterosis and uniformity of a single cross, with 
the exception that the striped plants were slightly reduced in size and 
vigor compared with the greens. 
· Evidently the original mutant plant was heterozygous, the new 
striping being dominant. Here we have a case of the rare mutation from 
recessive to dominant. Only one other dominant chlorophyll mutant has 
1 Journal Paper No. J212 of the Iowa Agricultural Experiment Station, ~es, 
- Iowa. Project No. 250. 
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been reported (Kempton 1924) and that was a lethal yellow seedling, 
the original plant having been a sectorial chimera. 
From the 1: 1 progeny of the original cross (Ldg inbred x mutant 
Idt), 4 striped plants and 3 greens were self-pollinated. The former 
gave a progeny consisting of 322 striped, old-gold, and 106 greens. The 
latter bred true green. The new mutatnt may accordingly be described as 
a monogenic dominant (gene symbol Og). Apparently the homozygous 
dominant is not lethal since it is as equally capable of growth as is the 
heterozygote, both being fully green in the seedling stage. 
2. Dominant Teopod. Two new sources of the already reported (Lind-
strom 1925) Teopod mutant are now available. The original mutation 
was discovered in Wisconsin in 1921 where a farmer had isolated a single 
Teopod plant and grown two generations of it, before it came into the 
possession of the writer. This proved to be a monogenic, dominant varia-
tion, giving fairly clean-cut segregation. 
The second discovery of a Teopod type came from a single, freak 
ear in the 1930 Iowa Corn Show (Ames), evidently haying arisen in 
a yellow dent variety. A third specimen appeared in the 1931 Corn 
Show, also of yellow dent type, but from a different Iowa county. There 
is no assurance that the second and third sources were independent 
beyond the facts that the exhibitors were farmers from different counties, 
and no interchange of seed had ever been made between the two farms, 
as well as that the two ears were different in appearance. 
The second specimen had the characteristic Teopod glumes or bracts 
over the entire ear, whereas, the third was bracted only on the lower 
third of the ear. 
These open-pollinated ears were planted and both gave progeny with 
slightly less than 50 per cent Teopod-like plants. In general the staminate 
and pistillate inflorescences were characteristically like Teopod, but the 
leaves were broader and the tillering less than that of the original 
Teopod. The plants were described as coarse-leaved Teopod (Pl. I). 
The segregation was not as clean-cut as that of the original Teopod 
material. Controlled crosses with normals gave an approach to a 1: 1 
ratio but always with an excess of normal plants. Self-pollinated Teopods 
gave also an excess of normals. Evidently the gene complex of modifying 
factors was not as well balanced as was the case in the original Teopod. 
Crosses of the new Teopod-like variants with the original stock of 
Teopod, indicate that the same basic dominant Tp gene is involved. 
But the progenies of these crosses exhibited the variations noted above 
and classification was not always certain. There is, however, no doubt 
as to the major, single, dominant gene basis for all the Teopods, since all 
the progenies from backcrosses to normals gave the same ratios. 
As has been noted in the original report, the importance of this 
dominant mutant lies in the tremendous influence of a single gene. 
Here is a gene that produces a morphological effect worthy of species 
differentiation on a phenotypic basis. That this same gene should have 
mutated a second and possibly a third time is an interesting phenomenon. 
- Data on the linkage relations of the Tp tp pair of genes are now 
available. The gene is on the 7th chromosome, a three point test of 
three linked genes giving the following order and distances, Ra-8.8-
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Tp-5.7-Ij. There is 13.2 per cent crossing over between the extreme 
genes Ra and Ij (table 1). 
3. Dominant sorghum tassel (Pl. II, fig. 1). Another freak ear in the 1931 
Corn Show had a sorghum-like tassel, with numerous kernels about 
the size of ordinary BB shots, a trifle smaller than average sorghum seeds. 
When planted, this open-pollinated seed gave rise to slightly less than 
50 per cent sorghum tassel plants. Six of these were crossed with normal, 
inbred lines of various genetic composition. In every case the sorghum-
like plants were heterozygous and these progenies gave a total of 61 
sorghum-like tassels and 43 normals, demonstrating that this form was 
also a monogenic dominant, the first described, although Emerson has 
mentioned two dominant tassel-seed forms. 
This dominant mutant resembles Hayes' recessive sorghum-tassel 
type except that the dominant is more productive of seeds in the tassel. 
In both, the usual pistillate inflorescense is functional but the staminate 
parts in the tassel are suppressed whereas silks with ovaries are plentiful 
on the sorghum-like tassel. The regular pistillate ears develop better 
when this seed-bearing tassel is removed. 
TABLE 1. Dihyb1~.d summary· of three-point backcross linkage test of Teopod, Iojap 
and Ramosa genes on the 7th chromosome; coupling phase 
Genes No. 
x y XY Xy xY xy Total recomb. Percentage 
Tp Ij 163 9 9 137 318 18 5.7 
Tp Ra 171 1 27 119 318 28 8.8 
Ra Ij 164 34 8 112 318 42 13.2 
This new, dominant gene is essentially another 'sex' gene, being one 
of 6-7 others that control the expression of the sporophytic 'sex' char-
acters in maize (Emerson 1920, 1924, Phipps 1928). 
While its linkage relations have not been determined so that one 
could positively state that it was genetieally different from other dom-
inant tassel-seed or tassel-ear types, its phenotypic differences are 
sufficiently different to suggest that it is a new dominant variation. It 
does not particularly resemble the recessive tassel-seed or tassel-ear 
forms described by Emerson (1920). 
4. Dominant pericarp mutation (PL II, fig. 2). This is a striking bud 
mutation arising in one ear of an open-pollinated yellow-dent (non-varie-
gated) type. Similar mutations in calico or variegated corn are very com-
mon, but this change from recessive pwr (colorless pericarp, red cob) 
to the dominant prr (red pericarp, red cob) gene is rare. Brink (1929) 
has reported a similar mutation but in the opposite direction, from domi-
nant to recessive. 
When seeds from the red mutated area were planted, 7 full red ears 
and 7 colorless pericarp-red cob types emerged. From the colorless peri-
carp (yellow kernels) 11 similar colorless-pericarp plants resulted, prov-
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ing that it was the unusually stable recessive pwr gene which had mutated 
to the completely dominant prr gene. 
RECESSIVE MUTATIONS 
5. Recessive anthocyanin (a3 ) . The known, basic anthocyanin (or fla-
vone) plant colors in maize are dominant to the non-colored, or paler 
shade of red (or purple). Anthocyanin genes Ai, A 2, B and Pl all show 
dominance to their allelomorphs. This new recessive mutant emerged in 
the inbreeding process with a line of sweet corn, characterized by the 
pseudo-starchy type of kernel. 
In appearance it resembles the full sun-red of Emerson (A B pl), 
but it is completely hypostatic even to the dilute sun-red (Ai b pl) . When 
crossed with the brown type (ai B Pl) it gives 100 per cent full purple, 
showing that it carries the basic Ai gene. Its interrelations with the Ai 
B Pl genes are not yet fully worked out. That it is different from each is 
proved by the fact that it is borne on a totally different chromosome from 
each of the others. Gene a3 is on the 10th chromosome, lying beyond R 
andG. 
The data on the new recessive red are included in table 2, where there 
are also some new data on certain other genes on the 10th chromosome. 
The order of these genes is L2-26-W2-16-R-11-G-23-A3• Genes 
li (lineate) and A 3 have not been tested, but should be closely linked. 
6. Recessive albino seedling ( w 4}. This is a new pure albino gene that 
was isolated by inbreeding in a yellow dent variety. Being linked with 
the sugary gene and being the only albino gene on the 4th chromosome, it 
has been designated w4• It shows 37.0 -+- 0.9 per cent crossing over with 
su (table 3). 
7. Recessive "albescent" chlorophyll (al). This new gene was isolated 
from an Illinois variety (Carter's strain) of yellow dent corn in the in-
breeding process. It is fully green in the seedling stage and after the 
5th-7th leaf, begins to show a fine streaking of white. The older leaves 
become increasingly whiter (but not pure white) , giving a silvery-green 
appearance. It produces abundant pollen, and under good growing con-
ditions a small ear. 
Albescent is probably in the Y linkage group, a limited amount of 
data showing 42.3 ± 3.6 per cent crossing-over with this yellow endo-
sperm gene. While it may resemble slightly the "fine-streaked" recessive 
type also found on this same chromosome, it is different enough pheno-
typically, and its looser linkage with Y indicates that it is a different gene. 
It has not been crossed with fine-streaked, however, nor with an albescent 
type noted by Phipps but not described by him. 
8. Recessive sugary ( su). In 1928 occurred a single kernel mutation from 
dent to sweet corn under controlled pedigree conditions. Thirty yellow-
dent inbreds were pollinated by inbred Evergreen sweet corn during that 
year. Among these 30 ears, comprising about 18,000 kernels, a single sweet 
corn kernel was found. Since the maternal parents of these crosses were 
all pure dent corn inbreds, this single sweet kernel obviously was not due 
to contamination, but must have arisen as a mutation in the megaspore 
or megaspore mother cell. The mutation struck only one kernel, involv-
ing both the egg and the primary endosperm nucleus. 
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TABLE 2. Summary of 10th chromosome linkages 
Number of individuals Recom-
Genes Link. bination 
Pedigree x y phase' XY Xy xY xy Total No. Pctg. 
6178 w. L, SR 935 420 ...... . ..... 1355 26.5 
7781 W2 L. SR 759 342 ...... ...... 1101 26.1 
7690 w, G SR 1340 623 ...... ...... 1963 21.8 
6610 R w. SC 435 45 46 103 1429 16.0 
7690 R w, SC 1660 152 182 334 2328 16.8 
6613 R L. SR 1254 553 596 75 2378 32.8 
7905 R L, SC 1277 270 323 247 2117 32.9 
7882 L. G SR 584 212 ...... ...... 796 44.8 
7905 L. G SR 1323 461 ...... . ..... 1784 47.0 
7884 R G SR 504 277 277 3 1061 11.0 
9415 G A. SR 260 65 96 3 424 22.5 
9451 R A, SC 120 24 49 20 213 40.3 
8274 G Li BC 222 45 50 211 528 95 18.0 
6426 G Li BR 57 253 208 23 541 80 14.8 
'C =coupling, R =repulsion, S =selfed F,, B = backcross. 
TABLE 3. Linkage of Su su and W. w. genes 
Pedigree Su W. Su w, SU W. 
Percentage 
SU W • crossing-over 
9232 420 197 188 31 35.5 
9510-3 675 278 284 50 38.1 
9597-9 505 185 184 25 35.1 
9699 766 317 324 53 37.0 
Total 2366 977 980 159 37.0 ± 0.9 
This one seed was carefully planted in the greenhouse in 1929, and 
the resulting plant showed the characteristic hybrid vigor of a single 
cross. It grew to be over 8 feet tall. The summer of 1929 was abnormally 
hot, and the single tassel growing to touch the glass roof of the green-
house fired completely. 
A pollen mixture of Evergreen and Black Mexican sweet corn pollen 
was applied. The resulting ear had approximately 300 kernels, all sweet 
corn. Since that time, four generations of self-pollination have yielded 
nothing but sweet corn, and inbred lines of white or purple sweet corn, 
with red and with white cobs are available. 
Here, then, is another case of mutation from a dominant Su to a re-
cessive su gene, occurring with a frequency of 1 in 18,000, a sample that 
is too small to afford reliability on the mutation rate. The mere fact of 
its occurrence, however, is interesting in that one need not assume that 
our present sweet corns had a prehistoric origin. The absence of true 
sweet corn in archeological exhibits also would seem to indicate a rela-
tively recent origin of sweet corn, with which the mutation process is in 
full agreement. 
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SUMMARY 
Four new dominant, monogenic mutations are described. One is the 
first, non-lethal, dominant chlorophyll ("old-gold" striping) mutant to be 
reported. The second is the recurrence of the striking Teopod mutant, 
reported for the first time 12 years ago. A third dominant is a "sex" 
gene, sorghum-tassel, giving essentially a wholly pistillate form of maize. 
'Tihe fourth is a pericarp color mutation from the recessive pwr to the 
dominant prr gene. 
Of the four dominant mutations, only two (the chlorophyll and the 
pericarp forms) are fertile in the homozygous dominant condition. 
The four new recessive mutations are all monogenic. One is a new, 
recessive anthocyanin variation, similar to the dominant, well-known sun-
red. It is located on the 10th chromosome. A second recessive is a new, 
lethal albino seedling linked with sugary on the 4th chromosome. The 
third is a new, white-streaked (albescent) chlorophyll type linked with 
the Y endosperm color gene. The fourth mutant is a recurrence of the 
sugary gene under controlled conditions, having arisen in a long-inbred 
strain of yellow dent corn in one of 18,000 female gametes (megaspores). 
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PLATE I 
Teopod maize plants. Fine-leaved type on the left; coarse-leaved type on the right. 
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PLATE II 
Fig. 1. Dominant sorghum-tassel mutant. Pistillate inflorescence on left; tass~l 
with functional kernels on right. 
Fig. 2. Pericarp bud mutation. Original mother ear was genetically coiorless per icarp -
red cob. Ear on left from yellow sector; ear on right from red sector. 
SOME NEW MUTANTS IN MAIZE 459 
PLATE II 
1 
Ty PP 1ge~1 
2~~~~~~re_~_r ~_._.._.__.~~~~-~~~~~~ 
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One of the most striking plant-disease developments of the past three 
or four years was the unprecedented distribution and destructiveness of 
bacterial wilt of corn during 1932and1933 1 - 1 , (18, 19, 23, 32, 33, 34). This 
was the climax of more than 35 years of intermittent outbreaks. During 
that time the disease has been studied by a number of able investigators, 
and it seems worth while at this time to review some of their work and 
trace briefly what we know regarding the history and development of 
the disease. 
Bacterial wilt has developed chiefly as a disease of sweet corn. 
During the period from 1880 to 1900 the sweet-corn industry was de-
veloping rapidly in the Central and Eastern States, the first plant 
pathologists were beginning their work at Federal and State experiment 
stations ( 40), and the study of bacterial diseases of plants was just 
beginning ( 4). In 1897 (37) the first epidemic of bacterial wilt of sweet 
corn was reported. Stewart found the disease widespread and abundant 
on Long Island from 1895-97 and concluded that it probably was widely 
distributed. 
Field corn is one of the oldest food plants and was extensively 
cultivated in North and South America in pre-Columbian times (38). 
Sweet corn, on the other hand, appears to be a recent development 
(10, 11, 38). Only one specimen of sweet corn has so far been identified 
from the numerous archeological collections of maize recovered in the 
United States (11). 
Only four varieties are reported to have been grown by the Indians 
of the upper Missouri (41) and two by the Iroquois (22). They were 
apparently not used as green corn and their cultivation probably was 
limited. "A study of the literature covering the food crops of the 
American Indians indicates the limited number of forms [of sweet corn] 
which could have reached the hands of our early farmers. If the white-
1 1932. Bacterial wilt of sweet corn ( Aplanobacter stewarti ) . U. S. Department 
of Agriculture, Bureau of Plant Industry, Plant Disease Reporter 16: 140-142. 
2 1932. Bacterial wilt of sweet corn ( Aplanobacter stewarti). U. S. Department 
of Agriculture, Bureau of Plant Industry, Plant Disease Reporter 16: 167-168. 
' 1933. Bacterial wilt of corn. U. S. Department of Agriculture, Bureau of Plant 
Industry, Plant Disease Reporter 17: 97-98. 
• 1933. Bacterial wilt of corn reported from Maine. U. S. Department .of Agri-
culture, Bureau of Plant Industry, Plant Disease Reporter 17: 109. 
' 1933. Bacterial wilt of corn. U. S. Department of Agriculture, Bureau of Plant 
Industry, Plant Disease Reporter 17: 138-140. 
0 1933. Further reports on bacterial wilt of corn. U. S. Department of Agri-
culture, Bureau of Plant Industry, Plant Disease Reporter 17: 151-155. 
' 1933. Bacterial wilt of corn in Michigan and Massachusetts. U. S. Department 
of Agriculture, Bureau of Plant Industry, Plant Disease Reporter 17: 164-165. 
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kerneled, red-cobbed form carried from the fields of the Susquehanna to 
Plymouth in 1779 was the first sweet corn known to the settlers, then 
all named varieties have originated within the last 150 years" (38). 
Eight-ten rowed types with black, white and brownish red kernels and 
10-16 rowed sorts with yellow and cream kernels came to the early 
settlers from the Indians, but "the total number of named varieties 
known during the fore part of the [past] century possibly did not exceed 
10" (38). One variety was listed for sale for the first time in Thorburn's 
Catalog in 1828. Seven named varieties including Stowell's Evergreen 
were added up to the time of the Civil War. In 1884, Sturtevant published 
a list of 33 varieties. From that time on the number increased rapidly 
until at the present time over a thousand varieties have been named (38) . 
In 1884 and 1885, Sturtevant (1, 2) was testing sweet corn varieties 
in New York, and from 1888 to 1890 Burrill and McCluer (6) carried 
on variety tests in Illinois. Sweet corn canning (20) began in Maine in 
1845, at Elgin, Ill., in 1861 and at Vinton, Iowa, in 1879. Up to 1900 sweet-
corn varieties. were almost entirely of the white-kernel type. Late 
varieties such as Stowell's Evergreen are resistant to bacterial wilt and 
possess endosperm characters which indicate that they have descended 
from the resistant dent corns. With the introduction of Golden Bantam 
in 1902 (38), yellow varieties especially susceptible to bacterial wilt 
became more popular. Some of these early susceptible varieties appar-
ently have been developed from flints, which also are very susceptible 
to wilt. The increasing intensive cultivation of early susceptible varieties 
of sweet corn around the larger centers of population and in canning 
areas throughout the Central States greatly increased the opportunities 
for the spread of bacterial wilt. 
Early reports of injury to field corn in Illinois are very suggestive 
of bacterial wilt although the disease was not reported from that state 
until a number of years later. Burrill in 1889 (5) described a number 
of symptoms characteristic of bacterial wilt but if he did observe this 
disease he confused it with other corn injuries and described an organism 
different from Aplanobacter stewarti. The reports of the State Entomol-
ogist of Illinois for 1892 (12) and 1905 (13) on Noxious and Beneficial 
Insects of Corn, state that the flea beetle, Chaetocnema pulicaria, was 
particularly abundant in central and southern Illinois· in May and June 
of 1891. The beetles attacked young corn plants 5 or 6 inches high, 
killing the terminal part of the leaf beyond the feeding injuries. "Whole 
fields were wilted more or less and some hills entirely killed." McCluer 
in 1892 (21) reported that Burrill's bacterial disease of corn occurred in 
his sweet corn plots at the University of Illinois in 1891. "Plots 4, 
5 [Cory], 7, and 8 [Burlington] were very badly affected by the bacterial 
corn disease, described in bulletin No. 6, August, 1889. The other plots, 
as was most of the corn in this vicinity, were also affected but not to 
such an extent as those noted. Very early varieties of corn were affected 
more than the later ones that were planted at the same time. Some of 
the early corn grown by the market gardeners was entirely destroyed. 
The corn first assumes a yellowish appearance, stops growing and then 
in bad cases, rots off at the ground." 
Burrill in 1879 (4) had demonstrated that bacteria could produce 
disease in plants. Stewart began his work as a plant pathologist on Long 
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Island in 1895. During 1895, 1896 and 1897 (37) , he found this disease 
doing considerable damage in the market gardens there. Losses of 20 
to 40 per cent were frequent but in most cases the loss was so slight as to 
pass unnoticed by the farmers, although the disease could be found in 
almost any field of early sweet corn on the Island. 
Erwin F. Smith (31), who had come into the Department of Agri-
culture in 1886 ( 40) , found the disease in two fields of common field corn 
in southwest Michigan in 1898 (30, 31). Halsted, beginning the study 
of plant diseases in New Jersey in 1899 (15), reported bacterial wilt. 
In 1903 it was found for the first time in Maryland and the District of 
Columbia (31). In 1908 wilt was found in a garden in Falls Church, Va. 
Selby in 1910 (29) reported a serious bacterial disease of sweet corn in 
Ohio but did not identify it as the bacterial wilt disease. Wilt was re-
ported to the Plant Disease Survey from California in 1909. Mrs. Enlows 
found it in West Virginia in 1913 (31) and Garman in Kentucky in 
1916 (14). Apparently the disease was widely distributed as Stewart 
and Smith had suggested and when Rand began his work in 1918 and 
made the first systematic search for it he reported bacterial wilt from 
most of the Central and Southern States (24r-from Connecticut, Mas-
sachusetts and southern New York to Georgia and westward through 
the Corn Belt to Iowa, Missouri, Oklahoma and New Mexico. Although 
he searched for several years he did not find the disease in North Dakota, 
Minnesota, Wisconsin, Michigan, northern New York, Vermont, New 
Hampshire or Maine (27). 
During most Y,ears the disease was not of sufficient importance in 
any of the states to attract attention but in certain years it caused heavy 
losses. By 1922 and 1923 canners in Maryland were forced by heavy 
losses in early susceptible varieties of sweet corn to grow only the later 
. maturing resistant sorts (27) . During the five years from 1929 to 1933 
the disease became more abundant and destructive than at any time in 
its history. Susceptible varieties in market gardens in Illinois, were in 
many cases a complete loss. The disease spread farther north and caused 
losses in Maine 6 and southern Ontario 1 and was found in New Hamp-
shire~ , central New York7 (7) and Michigan2 (33). 
Increased cultivation of susceptible varieties of sweet corn has un-
doubtedly been one of the factors contributing to this increase in amount 
and distribution of bacterial wilt. The study of other factors during the 
past 35 years has added to our knowledge of dissemination of the disease. 
Early investigators were concerned with seed and soil transmission. 
Stewart (37) felt that the organism entered the underground parts 
of the plant from the soil or seed but his experiments were carried on 
out of doors in a region where the disease was prevalent, his checks 
became contaminated and his results were not conclusive. 
Smith's (31) observations in Michigan in 1898 led him to believe 
that infection took place through above-ground parts of the plants. 
He found lesions starting near the tips of the leaves and concluded that 
the bacteria gained entrance through the water pores or stomata. The 
results of experiments on soil transmission, conducted by Rand and 
Cash (27) in 1920-1923, are summarized in table 1. 
Rand found that in the field the percentages of wilt in several tests 
were approximately the same in inoculated and control plots. In the 
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TABLE 1. Summary of results of experiments on soil transmission conducted by 
Rand and Cash in 1920-1923 
Average percent-
Number of plants age of wilt 
Inocu- Method of Inocu-
Location Varieties lated Controls Inoculation lated Controls 
Field Susceptible About About Diseased corn 41.0 38.0 
5 tests variety of 1400 1400 stalks planted with 
sweet com seed 
2 tests Do 1600 Adequate Diseased stalks 24.0 26.0 
buried in the fall, 
seed planted in the 
spring 
2 tests Do 183 183 Soil inoculated 70.0 62.0 
with water suspen-
sion of bacteria at 
planting time 
1 test Do 80 Adequate Seed soaked in bac- 74.0 64.0 
terial suspension 
before planting 
Field Do 17 Soil inoculated 0 
In cloth Seed inoculated 0 
covered (As above) 
cages 
2 tests 
Green- Do 2500 Soil inoculated 0 
house Seed inoculated 0 
20 tests (As above) Except 
by inoculation of 
soil at time of 
root pruning 
greenhouse and in cloth covered cages, where insects were excluded, 
not a single case of wilt developed with the exception noted. He concluded 
that his experiments gave no evidence of any transmission through the 
soil but did give definite evidence against it. 
Reddy in 1921 (28) reported that he obtained no cases of natural 
infection from soil which immediately before had produced an artificially 
infected crop. 
Thomas (39) working in the greenhouse in Ohio in 1922-23, planted 
Whipple's Early sweet corn in a bed in which disease-free plants had 
been grown and also in another bed in which diseased plants had been 
grown and then chopped up and mixed with the soil. He obtained 3 
per cent infection in the uninoculated and 26 per cent in the inoculated 
bed. White flies and winged aphids were present on the corn plants. 
Clinton and Singleton (8) carried on a soil transmission test in the 
open field, on land not recently in corn, in 1933 near New Haven, Conn 
Infected plant tissue, kept indoors overwinter, was mixed with the soil. 
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Just before tasseling the percentages of infected plants were 26 for the 
inoculated row and 29 for the uninoculated. 
In 1933 Ivanoff (17) reported the results of experiments in the 
laboratory and greenhouse testing the penetration of wounded and un-
wounoed roots of corn seedlings by Aplanobacter stewarti. Bacterial 
suspensions were placed on the tips of 50 surface sterilized kernels which 
were then grown for 2 weeks on agar. No disease symptoms developed 
and bacteria were not found inside the tissues. Part of the roots were 
then wounded and 4 days later these plants showed characteristic stripes; 
42 seeds soaked in bacterial suspensions over night and grown for 3 weeks 
after germination on agar showed no signs of infection. Four-day seed-
lings were painted with bacterial suspensions, a part were wounded and 
all were planted in autoclaved soil. One week after planting some of 
the wounded plants were diseased and all of the unwounded plants were 
healthy. In a fourth test over 500 plants, 2 to 3 weeks old, were planted 
in boxes in steamed soil inoculated with bacterial suspensions. The roots 
of part of the plants were wounded and one month later 18-100 per cent 
of these plants were diseased. Three per cent of the plants with un-
wounded roots became diseased, which he attributed to accidental 
wounding. 
The evidence for soil transmission of bacterial wilt is apparently 
negative except for Thomas' results and they may have been complicated 
by insects. 
One of the most interesting cases of circumstantial evidence of seed 
dissemination of wilt is reported by Erwin F. Smith (31). In 1902 an 
Ohio farmer grew sweet corn under contract for a Philadelphia seed 
company. In November the farmer wrote the seed company that he 
would be able to deliver only 20 per cent of the quantity of seed prom-
ised because the corn had rotted. This seed formed part of the Congres-
sional Free Seed Distribution of 1903. Some of this seed planted in a 
garden in Takoma Park, Md., came up badly and Dr. Smith found one 
plant showing typical symptoms of wilt. Some of the same seed was 
planted south of the Monument grounds in the District of Columbia. 
In July he found 15 per cent of this variety diseased and a month later 
80 per cent. Many other varieties were more or less diseased. More of 
this same seed planted in July, across the river at Arlington Farm, Va., 
showed 16 per cent wilt at the end of the season. These were the first 
reports of the disease from Maryland and the District of Columbia. 
Something was apparently spreading the disease on the Monument 
grounds; and since Smith's inoculation plots of 1902 were only a quarter 
of a mile away from the Monument grounds it is possible the disease 
in this plot did not all originate from seed. In 1908 the disease was found 
in Falls Church, Va., and the seed was again traced to the same grower 
in Ohio. Smith planted some of this seed in the greenhouse and some out 
of doors in pots. Nine per cent of the plants from unselected seed and 
9.3 per cent from selected bad seed in the greenhouse and 0.5 per cent 
in pots out of doors became diseased. The plants in pots were crowded 
and stunted. Smith attempted to isolate the wilt organism from the 
surface of this seed but did not succeed. Rand and Cash also failed to 
isolate Aplanobacter stewarti from the surface of seed. Smith did how-
ever demonstrate the presence of the organism inside the seed in stained 
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sections. In 1921 Rand and Cash (24) isolated the organism from the 
endosperm of seed, grown on diseased plants, 5 months after harvest. 
Ivanoff (17) has obtained positive results from isolations and also pub-
lished photomicrographs showing the organism in the vascular tissue, 
chalazal region, and endosperm of the seed. 
Rand and Cash (27) carried on a number of seed transmission tests 
in the greenhouse and field, the results of which are summarized in 
table 2. 
In the greenhouse under controlled conditions where insects were 
absent they obtained 2 to 13 per cent infected plants. In the open field 
the percentages were high and varied for susceptible varieties regardless 
TABLE 2. Summary of results obtained by Rand and Cash on seed transmission tests 
in greenhouse and field 
Number or 
quantity Infected plants 
Location of seeds Source Number Percentage 
Field tests 
5 From healthy plants ' 43.0 
From diseased plants 56.0 
1 Open market 3.0 
Diseased plants 6.0 
--· 
1 Open market 72.0 
Maine and Michigan 83.0 
Infected plants 78.0 
--
3 Open market 48.0 
Maine and Michigan 54.0 
- · 
{1 year old 17.0 10 Diseased plants 2 " " 24.0 
3 " " 18.0 .. ____ 
{ Golden &ntam 71.0 Maryland First of All 59.0 
healthy Premo 40.0 
plants Peep O' Day 27.0 
Golden Cream 27.0 
--- ........... ........ .. 
Maine Golden Bantam 92.0 
Michigan Golden Bantam 86.0 
Maine-other varieties 96.0 
- -. · -
470 Seedsmen in all sections of the 
lots United States (2 early vari- 48.0 
eties) (2 late varieties) 5.0 
Greenhouse 
tests 
1 23 Badly diseased ear 3 13.0 
1 54 Several badly diseased ears 1 2.0 
1 2 quarts Badly diseased crop 2.0 
Hundreds Open market 0 0 
/ 
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of whether the seed came from healthy or diseased plants or from sections 
where the disease was prevalent or absent. They concluded that "trans-
mission by seed is a serious factor, probably the only factor, in intro-
ducing bacterial wilt of corn into new localities; and inroads from this 
source alone may be considerable." However, "once the disease becomes 
prevalent in a locality, the planting of resistant or susceptible varieties 
or strains is far more important in determining the ultimate damage to 
the crop from wilt, than is the origin of the seed from healthy or wilt 
diseased plants." 
Rand and Cash (24, 25, 26, 27) also found that moisture and soil 
were important factors in determining the amount of infection from 
diseased seed. Much more wilt developed when rain was plentiful at 
planting time than during dry periods. In one field where seed was 
planted across three types of soil they obtained 21 per cent wilt on poor 
soil, 27 per cent wilt in the transition section between, and 41 per cent 
wilt on the rich soil. 
Thomas (39) reports that in 1922-23 he grew Whipple's Early sweet 
corn in the greenhouse, obtaining 85.0 per cent infection from diseased 
seed and no infection from clean seed. 
Rand's observations and experiments during 1918 and 1919 led him 
to the conclusion that seed and soil transmission of the disease could not 
account for either the primary infections developing early in the season 
or the midseason spread of the disease in the field. In the greenhouse no 
infection resulted from soil inoculation and wilt from diseased seed 
averaged only about 2 to 13 per cent. In the open field abundant infection 
resulted regardless of whether the seed was clean or diseased or was 
planted on infested or clean soil. Seed from Maine and Michigan where 
the disease did not occur produced plants with higher percentages of 
disease than plants from seed grown where the disease was prevalent. 
He also observed that many of the infections started from insect feeding 
injuries on the outer halves of the leaves and that at harvest time many 
plants showed infection on the upper parts of the plant and none in the 
lower part. These facts all pointed to insects as the principal means of 
dissemination of bacterial wilt (27). In 1920 he began his cage experi-
ments. 
The results of insect transmission tests by Rand and Cash (26, 27) 
with the 12 spotted cucumber beetle Diabrotica duodecimpunctata are 
summarized in table 3. 
Only rarely in the field or in direct tests in cages was wilt observed 
to start from points gnawed by these insects. But small channels at the 
base of the stems were frequently observed in insect cages. They concluded 
that very little secondary leaf infection came from direct transfer by 
feeding of these insects but that some of the primary basal infection might 
come from their larval borings at the crown. . 
Numerous cases of secondary leaf infection in the field were ob-
served to have started apparently from injuries by flea beetles. 
Results of tests with these beetles (25, 26, 27) are given in table 4. -
These direct tests confirmed his field observations that at least in 
Maryland the great bulk of secondary infection-late spring and summer , 
spread of the disease-is brought about by direct transfer by flea beetles. 
In 1932 Ivanoff (16) reported finding insect larvae feeding on the 
roots and bases of stems of diseased corn plants. He isolated A. stewarti 
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TABLE 3. Summary of results of teirts by Rand and Cash on insect transmission with 
the Diabrotica duodecimpunctata 
No. of Infected plants 
Treatment plants Number Percentage 
A. Direct feeding tests in cloth covered cages-
4-6 bettles from diseased 389 6 1.5 
plants introduced 182 0 0 
into cages 
B. Direct inoculations with intestinal contents pricked into the leaves-
In field 
3 tests in 7 4 15 21.0 
cloth cages 
In greenhouse 
26 beetles from . 19.0 
diseased corn fed 
3 weeks on healthy. 
plants 
16 beetles fed 5 days 25.0 
on diseased plants 
then 1 month on healthy 
plants 
from the larvae and from the plants. Ten days after the larvae had been 
placed on the roots of healthy plants wilt developed in 9 plants. Two of 
the larvae had died-6 larvae from healthy plants produced no infection. 
This experiment was repeated four times with similar results. In 1933 
(17) he placed white grubs, the larval stage of Phyllophaga spp., in the 
boxes in which plants were growing in artificially infested soil. Fifty 
per cent of these plants became infected. In three boxes without grubs 
no disease appeared. 
To this accumulating evidence that insects play an important part 
in the dissemination of bacterial wilt during the late spring and summer, 
work at Arlington Farm, Virginia (9), during the past year has contrib-
uted the additional information that the same beetle which Rand found 
carrying the bacteria to high percentages of corn plants is also probably 
responsible for overwintering of the organism and for a large part of the 
primary infections at the beginning of the season. 
Overwintered adults of the flea beetle Chaetocnema pulicaria Melsh 
were collected from orchard grass and alfalfa during April, 1934. Beetles 
PLATE I 
Leaf of Golden Bantam hybrid showing flea beetle injuries at tip of leaf and begin-
ning wilt lesions. Photo July 26, 1934. 
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PLATE I 
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PLATE II 
Leaf of Golden Bantam sweet corn showing flea beetle feeding injuries and bzginn:ng 
bacterial wilt lesions X 10. Sept. 6, 1934. 
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PLATE II 
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PLATE II 
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PLATE III 
Natural infection with Aplanobacter stewarti on leaves of Euchlaena mexicana grown 
at Lanham, Md., from Florida seed. Collected Sept. 5, 1934. 
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PLATE III 
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PLATE IV 
Plants of Euchlaena mexicana from Florida seed. 
Pot A. Inoculated Oct. 2, 1934, with isolation 52-13 from Chaetocnema pulicaria. 
Photographed Oct. 31, 1934. 
Pot B. Uninoculated. 
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PLATE IV 
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TABLE 4. Results obtained by Rand and Cash (25, 26, 21) from tests with beetles 
No. of Percentage of 
tests No. of cages Insect Treatment infected plants 
7 16 Chaetocnema Fed 24-48 hours 
(4 plants to pulicaria on diseased plants 
a cage) before introduced 
into cage 
1 100.0 
2 100.0 
3 100.0 
4 100.0 
5 57.0 
6 60.0 
7 87.0 
Controls 441 No insects 0 
Several 16 Ch. denticu- Fed on diseased 83.0 
la ta plants before in-
(12-50 to a troduction into 
cage) cage 
Controls 441 No insects 0 
(except in 5 
' torn cages) 
collected on four different dates were surface sterilized, and then crushed 
in sterile beef peptone broth. Platings from this broth gave heavy ' 
seedings of A. stewarti in practically pure culture from each of the four 
collections. The organisms isolated produced typical wilt infection on 
corn plants in the greenhouse. When beetles from the same collections 
were permitted to feed for several days on healthy corn plants in the 
greenhouse, typical wilt lesions developed and A. stewarti was reisolated. 
Isolations from 175 single individuals indicated that the wilt organism 
was present in abundance in approximately 19 per cent of the beetles. 
In the light of these facts concerning insect transmission it is inter-
esting to recall the evidence that flea beetles have probably been the 
chief means of dissemination since the first reports of bacterial wilt. 
The wilting of corn plants attacked by C. pulicaria in Illinois in 1891 (12) 
and the killing of the terminal part of the leaf beyond the feeding injuries 
are very suggestive of this disease. Smith's observations in Michigan 
in 1898 (30, 31) that wilt lesions occurred on the tips of the leaves are 
quite in accord with the fact that flea beetles feed largely on the outer 
halves of the leaves (Pls. 1 and 2). Stewart (37), Smith (31), and Rand 
and Cash (25, 26, 27) all found that experiments carried on in the open 
field were of little or no value because of the abundance of infection 
occurring on checks as well as inoculated plants, and on all susceptible 
varieties regardless of source or condition of seed. 
That a succession of mild winters paved the way for the epidemic 
of bacterial wilt in Illinois in 1932 is noted in the (3) Kane County 
Farmer for November, 1932. 
The relation of winter temperatures to the distribution and abun-
dance of bacterial wilt has been discussed recently by Stevens (34, 35, 
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36). He points out that when the average winter temperatures are high 
wilt has shown a tendency to increase in visa versa. The unusual abun-
dance and distribution of wilt from 1929 to 1933 followed a series of mild 
winters and the amount and distribution of wilt in 1934 was apparently 
much reduced following the low temperatures of the previous winter. 
The winter of 1889-1890 in Illinois was unusually warm. The tempera-
tures for December, January, and February at Springfield, Ill., averaged 
8.5 degrees above normal and those of the same three months for 1890-
1891 averaged 3 degrees above normal. 
Rand and Cash found flea beetles abundant in the sections where 
wilt is prevalent but did not find them in Maine (27). The possible 
relation of winter temperatures to the numbers and distribution of 
infested flea beetles is suggested by these facts. 
The subject of alternate hosts for bacterial wilt has apparently re-
ceived little attention. Stewart (37) reported negative results from the in-
oculation of oats and of teosinte (Euchlaena mexicana). During the past 
summer natural infection with A. stewarti on teosinte was found in the 
field at Lanham, Md. (Pl. III). The lesions were similar to the leaf lesions 
on corn but more limited than on susceptible corn varieties. Isolations 
from these leaf lesions gave pure cultures of a yellow bacterium which 
produced typical wilt symptoms on Golden Bantam sweet corn in the 
greenhouse. A culture of A. stewarti isolated from C. pulicaria produced 
long wilt lesions on teosinte leaves in the greenhouse and killed the 
plants (Pl. IV). It would be of considerable interest to determine whether 
or not the disease occurs on teosinte in its natural habitat in Mexico. 
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PRELIMINARY STUDIES ON THE EFFECT OF FILTRATES FROM 
CULTURES OF DIPLODIA ZEAE UPON SEEDLING BLIGHT OF 
MAIZE1 
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Many plant pathogenes have been reported to produce materials toxic 
either to themselves or to their hosts by various investigators. In the 
course of experimentation upon the relationship of the dry rot fungus, 
Diplodia zeae (Schw.) Lev., to its host, the corn plant, similar reactions 
have been observed. The amount of seedling blight in plants from se-
verely infected seeds may be decreased materially by soaking the seed, 
prior to planting, in filtered aqueous extracts from aged cultures. Since 
the treatment of an infected seed subjects both the plant and the fungus to 
the action of the filtrate any of the four possible reactions which have 
been reported in the literature may occur. 
The failure of a fungus or bacterium to grow in aged culture has 
been very commonly attributed to an accumulation of autogenic products, 
the so-called "staling products." More recently, developmental failures 
in bacteria have been attributed to bacteriophage activity. Mallman and 
Hemstreet (6) in 1924 isolated a principle from decaying cabbage which 
was lytic to the causal agent, a fluorescent bacterium, and to Bacillus 
carotovorus Jones. Similar bacteriophages have been isolated by Coons 
and Kotila ( 4) for B. carotovorus and Pseudomonas tumefaciens Smith 
and Town., by Anderson (1) for Pseudomonas pruni E. F. S. and by 
Muncie and Patel (7) for Ps. tumefaciens. The presence of a similar 
agent in fungi is yet to be demonstrated. 
A toxic reaction to the host is frequently reported, especially by those 
interested in the wilt diseases induced by vascular parasites, particularly 
of the genus Fusarium. Schaffnit and Ludtke (9) working with Fusarium 
lycopersici Sacc. and F. vasinfectum Atk. concluded that diamino acids 
were responsible for the wilting caused by filtrates from giant cultures 
on mixed grain. Toxins produced by plant parasites also have been de-
scribed by Clayton (3), Wolf (10), Ludtke and Achmed (5), Rosen (8), 
and others. In apposition to this harmful effect, Arnaudi (2) reports that 
when the seed of Berkley tobacco is germinated in an aqueous suspen-
sion of attenuated mycelium of Thielaviopsis basicola, the resistance to 
subsequent infection by this organism is increased. He describes the treat-
ment as a vaccination and claims that immunity is maintained for about 
two months. 
The effect of the cultural filtrate upon the relationship existing be-
tween host and parasite may be readily studied in Diplodia zeae from 
corn. The organism can be grown on any one of 20 or more natural and 
synthetic media. It will use a wide range of carbon compounds (levulose, 
1 This work was done under Botany and Plant Pathology Section Project No. 93. 
Journal Paper No. J224 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
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xylose, dextrose, galactose, lactose, inulin, mannose, maltose, sucrose, 
starch, cellulose, citric acid, and even dilute ethyl alcohol) in agar plates 
or in a nutrient solution such as Czapek's. The growth is rapid and the 
fungus matures in about three weeks at 30° C., readily forming a heavy 
mat on the surface of nutrient solutions. 
Diplodia zeae is parasitic on all parts of the corn plant. Stem and leaf 
sheaths are infected late in the growing season by wind-borne spores, 
the underground parts of the plant by active mycelium in the soil and 
the mesocotyl of the seedling from seed-borne infection. The severity of 
the mesocotyl infection depends upon the degree of infection of the seed 
which can be determined by a germination test. The kernels from an ear 
inoculated in the early dough stage exhibit all degrees of invasion from 
destruction of the embryo to mere harboring of the fungus in the seed tip. 
Since the effectiveness of any protective measure for the plant could be 
accurately determined in seed with a weakened embryo, all studies were 
directed toward seedling infection. Data on the effect of filtrates from 
cultures on parasitism of the pathogene are presented in the following 
pages. 
EXPERIMENTAL RESULTS 
Ears of corn artificially inoculated with Diplodia zeae through the 
shank while still in the field were tested on a germinator and the kernels, 
ranging from dead at the butt to disease-free at the tip, were carefully 
separated into four or five classes. In all the tables these classes are 
designated as being derived from infection zones numbered one to four 
or five from the butt end. The seed from each zone was divided into two 
lots, one of which was soaked for 12 to 24 hours in distilled water or in 
filtered media and the other in a filtered extract of the fungous culture. 
In the first experiment a 138-day-old culture of Diplodia zeae on 
whole oats was ground in a Wiley mill, soaked for several hours in dis-
tilled water and filtered through a Berkfeld "W" cylinder into a sterile 
flask. Seeds from four zones from two different ears were soaked in this 
TABLE 1. Increased germination and stand of corn from seed showing different de-
grees of infection by Diplodia zeae when soaked in filtrate from a culture of the same 
organism 
Seed Seed from ear A Seed from ear B 
from Stand at Stand at 
infection Seed Number 7 20 Number 7 20 
zone in seeds days days seeds days days 
Four Filtrate 48 46 46 50 48 48 
Four Water 48 47 47 50 49 49 
Three Filtrate 12 10 10 19 19 19 
Three Water 12 12 12 19 17 17 
Two Filtrate 12 11 12 25 17 21 
Two Water 12 12 11 25 6 4 
One Filtrate 20 18 18 25 11 14 
One Water 20 5 3 25 2 1 
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filtrate and in distilled water for 16 hours under identical conditions. The 
seeds were planted in compost under greenhouse conditions, and the num-
ber of seedlings which emerged and survived was recorded. These data 
are presented in table 1. 
These data were so conclusive in showing that a filtrate from the 
culture could apparently shift the balance of infection in favor of the 
plant that the experiment was repeated. The same technique was applied, 
the filters and all glassware being thoroughly cleaned. The same general 
conditions held when cultures of the same age on either oats or barley 
were used. Where the filtrate was used a larger number of seedlings 
escaped seedling blight. 
A further test of the significance of the difference in the stands from 
seed soaked in the filtrate and water was made upon a heterogenous mix-
ture of seed showing all degrees of infection. The test showed 25 per cent 
of the seeds to be viable. The majority of these were disease-free. The 
seeds were divided into 16 lots of 20 seeds each and eight lots were soaked 
in the filtered extract from giant oat culture and the remainder in water 
for 17 hours. Seven of the eight replications showed an increase over the 
checks. The eighth replication was exposed to a cold wind through a 
broken pane of glass, so that the seedlings were chilled before emergence. 
The results presented in table 2 show a mean difference of 4.4 plants with 
a standard deviation of 1.03 plants for each group of 20 seeds; so the dif-
ferences are highly significant. 
TABLE 2. Increased stand in eight replications of corn grown from seed infected by 
Diplodia zeae which were soaked in culture filtrate prior to planting 
Treatment of No. seed Number plants Difference due 
seed planted Emerging Surviving to treatment 
Water 20 4 2 
Filtrate 20 10 10 +s 
Water 20 6 6 
Filtrate 20 9 9 +3 
Water 20 7 6 
Filtrate 20 10 9 +3 
Water 20 3 3 
Filtrate 20 11 10 +7 
Water 20 5 4 
Filtrate 20 11 11 +7 
Water 20 8 6 
Filtrate 20 9 9 +3 
Water 20 4 4 
Filtrate 20 9 8 +4 
Water 20 3 3 
Filtrate 20 4 3 0 
Summary: 
Water 160 34 
Filtrate 160 69 +35 
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TABLE 3. Effectiveness of filtrate from 300-day-old culture of Diplodia zeae grown 
on Czapek's solution in increasing the stand of corn from infected seed 
Seed from Seed from ear A Seed from ear B 
infection Seed No. Erner- No. Erner-
zone soaked in seed gence Stand seed gence Stand 
Four Water 20 20 20 25 25 25 
Four Filtrate 20 20 20 25 25 25 
Three Water 20 14 11 20 20 20 
Three Filtrate 20 16 16 20 20 20 
Two Water 14 3 2 10 7 6 
Two Filtrate 14 4 3 10 10 10 
One Water 20 0 0 20 2 2 
One Filtrate 20 1 1 20 7 7 
The results from soaking seed in a filtrate which obviously contains 
much foreign plant material might be attributed to the protein or other 
ingredients derived from the oats. To eliminate foreign plant parts, an 
experiment similar to the first was run, using a filtrate from a 300-day-old 
culture grown on Czapek's solution with a sucrose base. The results of 
this test, given in table 3, show a consistent difference in stand where the 
seed was soaked in the filtrate, although the percentage difference was 
not great. Repetition of this experiment confirmed the results. 
Since all the cultures used above were more than four months old, 
the effect of age of the culture was next studied. A more desirable experi-
mental procedure was followed at the same time. For each flask of ster-
ilized oats which was inoculated with Diplodia zeae an uninoculated flask 
was held as a check. Whenever the culture was extracted, the checks 
were similarly extracted and filtered and the two solutions were used 
simultaneously on infected seed. The cultures were extracted at three, 
five and six weeks of age and lots of ten seeds each from the same ears 
were soaked for 20 hours. A small number of seeds was used so that the 
seed for each test might be from the same source. 
The results shown in table 4 indicate that at three weeks old the 
filtrate from the culture was actually more harmful than beneficial; while 
two weeks later the difference in stand from the infected seed indicated 
that the filtrate was beneficial. The inconsistency of the results from a 
three-weeks-old culture was checked by starting new cultures and repeat-
ing the experiment. Since the same results were obtained from this repe-
tition, the younger culture on oats apparently produced some material 
injurious to the germinating seed. The indifferent results from the use 
of the six-weeks-old culture were later explained upon the temperature 
relationships set forth below. This experiment was set out in the green-
house during the first unseasonably warm period of the 1934 spring. 
The apparent inconsistency of the results from filtrates of the actively 
growing culture three weeks old, and the more mature culture five weeks 
old, was explained upon the basis that two products were formed. One of 
these apparently retards the development of the seed; the other hinders 
the parasitic invasion of the fungus. 
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TABLE 4. The effect of age of culture on effectiveness of filtrate in preventing seed-
ling blight 
Seed Number that emerged with 
Seed from soaked in culture of various ages 
infection Ear extract No. 3-weeks- 5-weeks- 6-weeks-
zone no. from seed old old old 
Four 9 Culture 10 10 10 10 
Four 9 Check 10 10 10 10 
Three 9 Culture 10 8 10 7 
Three 9 Check 10 8 9 5 
Two 9 Culture 10 2 6 3 
Two 9 Check 10 8 2 3 
One 9 Culture 10 0 2 1 
One 9 Check 10 2 1 0 
Two 1 Culture 10 3 8 3 
Two 1 Check 10 6 6 4 
Previously it had been noted that three-weeks-old plants grown from 
seed soaked in filtrate from aged cultures on Czapek's solution and sucrose 
suffered a severe shock within six hours after transferring to a similar, 
diluted filtrate; while those transferred to filtrate from uninoculated 
media remained turgid. The plants in the filtrate recovered, but within 
three days assumed a yellowish hue while the checks remained normal. 
Such a reaction was proven later to be not an anaphylactic shock, 
but rather a reaction to a volatile toxic component of the filtrate which may 
be distilled off in the first few cubic centimeters of the distillate. The resi-
due remaining in the flask is beneficial in promoting germination and 
growth of infected seeds. This active residue is not destroyed by a tem-
perature of 100°C. for one hour. 
The filtrate treatment of seeds was found to be more effective when 
the seeds were germinated at low temperatures. During the summer 
months, several tests gave indifferent results. When placed in a refrigera-
tor at 16°C. until emergence, the treated seed showed an increase over 
their checks. The effectiveness of the treatment at 16°C. and 26°C. is shown 
in table 5. The three ears used in these two experiments were tested in 
the usual way. Ear A had severe infection with intergrading zones ranging 
from moderate infection to dead with no disease-free or lightly infected 
seed. At the higher temperatures the plants apparently outgrew the 
infection and became established before seedling blight could occur; as a 
result the filtrate gave indifferent results. However, at lower temperatures 
where most of the seedlings emerge, but die before establishment of the 
secondary roots, the filtrate treatment was capable of saving many of them. 
The filtrate does not seem to stimulate growth of the plant in a manner 
analogous to an increase in temperature. Obviously, the filtrate could do 
one of three things to increase the stand at 16°C. It could stimulate growth 
of the plant, inhibit the fungus, or induce resistance in the plant. The 
rates of emergence and growth of seedlings from seeds soaked in culture 
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TABLE 5. Influence of temperature upon effectiveness of culture filtrate as a treat-
ment of corn seed infested with Diplodia zeae 
Seed Tempera- First Experiment 
from ture Ear A EarB Ear C 
infection Seed germina- No. Erner- No. Erner- No. Erner-
zone soaked in ti on seed gence seed gence seed gence 
Five Water 
Deg.C. 
16 10 10 15 15 
Five Filtrate 16 10 10 15 13 
Five Water 26 10 10 15 15 
Five Filtrate 26 10 10 15 13 
Four Water 16 10 9 15 10 
Four Filtrate 16 10 10 15 14 
Four Water 26 10 8 15 9 
Four Filtrate 26 10 8 15 13 
Three Water 16 10 5 10 8 15 3 
Three Filtrate 16 10 10 10 10 15 7 
Three Water 26 10 7 10 9 15 7 
Three Filtrate 26 10 9 10 9 15 7 
Two Water 16 10 1 10 1 15 0 
Two Filtrate 16 10 7 10 9 15 0 
Two Water 26 10 4 10 6 15 2 
Two Filtrate 26 10 4 10 7 15 3 
One Water 16 10 0 10 0 15 0 
One Filtrate 16 10 3 10 1 15 0 
One Water 26 10 1 10 2 15 1 
One Filtrate 26 10 3 10 2 15 0 
and media filtrates are very similar. If there is any difference in the time 
required for emergence between the two lots of seeds, those soaked in 
filtrates from cultures are slower as is shown by the severely infected 
lots in table 1. 
The filtrate does not entirely prevent the growth of the fungus on 
agar plates. Media impregnated with the filtrate ( 50 cc. to 150 cc. of corn 
meal agar) supported nearly as abundant growth as corn meal agar and 
distilled water. The aerial growth was heavier and the lateral growth 
about 20 per cent less than that in the check plates. Infected seeds soaked 
for long periods in the filtrate will show a growth of Diplodia 'Zeae into the 
filtrate itself. 
SUMMARY 
Corn seedlings from seeds severely infected by Diplodia zeae suffer 
less from seedling blight when the seed has been immersed in a cultural 
filtrate of the pathogene prior to planting. 
The ability of the filtrate to prevent seedling blight seems to be inde-
pendent of the character of the media upon which the fungus is grown. 
The pathogene must have passed the active growing period before 
the cultural filtrate becomes effective. 
The influence of the filtrate on emergence was pronounced at 16°C. 
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where the plant was at a disadvantage with the pathogene, but was very 
slight at higher temperatures. 
The culture filtrate does not prevent seedling blight by stimulating 
the plant to abnormally rapid growth or by absolutely preventing growth 
of the pathogene. 
The filtrate generally contains a mixture of materials. The beneficial 
component is thermostable and non-volatile so it can be partially purified 
and concentrated by distilling off the volatile fraction, which is slightly 
toxic to the plant. 
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This paper is a partial report of the investigations of the morphological 
development of the maize plant from the date of planting to maturity. 
That there is a correlation of the more obvious morphological feat-
ures of the maize plant and the yield is unquestionable. It is a general 
observation that the large ears are not borne on small or weak stalks. 
Although studies on the relation of yield to differences in leaf area, height 
of plant, weight of plant, diameter of stalk, number and length of inter-
nodes and in various ear and kernel characters have not in general re-
sulted in definite conclusions, it is still a reasonable expectation that if 
differences in environmental influences were eliminated there would be 
discovered a positive correlation of yield and the morphological features 
that especially have to do with the absorption, conduction, and food-
manufacture of the plant. 
Miller's (14) comparative studies of the root systems and leaf areas 
of maize and of the sorghums show that the ratio of the weight of the root 
system to the leaf area in maize is about half the ratio in the drought 
resistant sorghums, and that the difference is due to the proportionately 
greater leaf area in maize. This fact is evidence in favor of the prevalent 
opinion that the character of the root system of a maize plant is a major 
factor in determining its development and yield. 
That the development of the maize plant is much influenced by 
competition has been shown by a number of investigations, notably by 
Morrow and Gardner (16), Sheppard and Ten Eyck (18), Kiesselbach 
(12), Brown and Garrison (3), Bryan (4), Hughes (10), Williams (20), 
Brewbaker and Immer (1), Eisele (7), and others. 
Koehler's (13) work shows that competition inhibits the normal de-
velopment of maize plants. According to Eisele (7) competition has a 
marked influence on the leaf area, size of the stem, and the number of 
roots. He found that in hills of five plants, the stems were less than half 
the size of the stems of plants grown singly. Eisele noted also that the 
inhibitory effect of competition on development was pronounced in the 
stem before it was recognizable in the leaves. Hershey (9) found that 
both competition and shading of maize plants resulted in a marked re-
duction in the size of the stem and also in the number of vascular bundles 
in the stem. 
Most of the investigations of correlations in maize have had for their 
object the discovery of features related to yield, that can be used as a 
criterion in seed corn selection. They have been concerned chiefly with 
ear and kernel characters, but some have included leaf area, height and 
diameter of stems, number of nodes, and length of internodes. 
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Among the investigations of correlation in maize involving morpho-
logical features are those of Brigham (2), Ewing (8), Nielsen (17), Mont-
gomery (15), Jenkins (11) and Collins (6). Both Brigham and Ewing 
reported a significant positive correlation between diameter of stems and 
yield. Brigham found some positive correlation of the number of inter-
nodes with yield. Jenkins' (11) study of inbred parents and crossbred 
progeny disclosed a significant positive correlation of yield with the 
height and number of nodes of the parents. 
The investigations by Hershey (9) have disclosed that in the varieties 
included in this article there are three rather distinct periods in the 
morphological development of the plant. The first period, which was cov-
ered by the first 30 to 40 days and quite generally by the first 35 days 
after planting, was devoted to the differentiation of structures, such as the 
nodes, internodes, leaves, axillary buds, vascular bundles, roots, and 
tassel. At the end of this period almost all the structures the plant pos-
sessed at maturity were present, although most of them were in the 
primordial stage of development. This first or formative period was im-
mediately followed by a period in which the emphasis was on the com-
pletion of the development of the structures present. This second period 
was covered by the 35 to 40 days following the formative period, and was 
characterized by a very rapid elongation of the stem axis and the com-
pletion of the development of the structures formed in the preceding 
period. The plants attained their mature size during this period. The 
third period included pollination, fertilization, and the development and 
maturing of the kernels. 
This discussion is confined chiefly to the following morphological 
features of the formative period and their significance on the final 
achievement of the maize plant: the status of the development of the stem 
axis at the end of the formative period, both as to its external structures--
namely, the nodes, leaves, axillary buds and tassel, and as to its vascular 
bundles; the development and nature of the permanent roots; the rela-
tion of the number of bundles to the size of the stem axis; the relation of 
the number of nodes forming soil roots, of the number of roots in the 
upper whorl of soil roots, and of the average cross-sectional area of the 
roots in each whorl, to the diameter or cross-sectional area of the lower 
internodes of the stem axis; and the relation of the number and total 
cross-sectional area of the tracheal tubes in the roots to the average cross-
sectional area of the roots. 
MATERIALS AND METHODS 
In 1927 and 1928 the investigations were confined to common strains 
of Reid's Yellow Dent and Stowell's Evergreen corn. In 1929 and the 
following years there were included five yellow dents, Stein's Reid, Mc-
Culloch's Reid, Osterland's Reid, Golden King, and a hybrid (274 x 276). 
The hybrid was produced by Dr. M. T. Jenkins and was a double cross 
between an F 1 of Lancaster 325A x Iodent 175A and an F 1 of Black's 
245B x McCulloch's 401A. 
The plants were grown in field plots where the plantings were care-
fully supervised. In the study of the correlation of the number of vascu-
lar bundles and the diameters or cross-sectional areas of the lower inter-
nodes plants from both the field and the greenhouse were employed. 
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In following the anatomical changes during the first or formative 
period of development, paraffin sections were necessary up to 30 days 
after planting. The material was collected at intervals ranging from two 
to seven days according to the stage of the development of the plant and 
the nature of the structures under consideration. Both Bouin's and 
F. A. A. killing fluids were satisfactory. To hasten the penetration of the 
killing fluids, the leaves were removed and in the older stages length-
wise slabs were cut from one or more sides of the stem. Delafield's haema-
toxylin and haemalum in combination with safranin were satisfactory 
stains. In the study of the later anatomical features, such as the number 
and the status of the development of the vascular bundles in the stem 
axis and the vascular anatomy of the roots, free-hand sections stained 
with safranin and haematoxylin were satisfactory. 
The age of plants was reckoned from date of planting. Height of 
plants was determined with leaves upstretched. 
THE DEVELOPMENT OF STEM STRUCTURES DURING THE FORMATIVE 
PERIOD 
DEVELOPMENT OF THE STEM AXIS 
Previous to germination, the embryo of maize consists of a relatively 
large scutellum and a small axis terminating in the radicle at one end 
and in the plumule at the other. The apex of the plumular end is the 
conical meristem which by the addition of new cells through cell division 
provides for the formation during subsequent growth, of additional nodes, 
internodes, leaves, axillary buds, and finally the tassel (Pl. I, fig. 1) . The 
number of nodes and consequently the number of leaves of a maize plant 
depends upon the extent to which the meristematic tip functions as a 
meristem. In the varieties included in these investigations the plumular 
end of the embryonic axis possessed six to nine nodes previous to germina-
tion. At each node, except the lowermost which bears the coleoptile, a 
primordium of a leaf was present and at some of the older nodes primordia 
of axillary buds were recognizable. 
During the period of 30 to 40 days following planting the number of 
nodes present in the embryonic axis was increased to the number present 
in the mature plants, which was 20 to 24 in most of the plants investi-
gated. There were added, therefore, to the embryonic axis during the 
formative period, nodes, internodes, and leaves ranging in number from 
approximately 11 to 18. This fact emphasizes the importance of the 
meristematic activity of the tip meristem during the plant's early growth 
in determining the number of nodes and leaves of the plant. The addition 
of new nodes and accompanying structures terminated with the transfor-
mation of the meristematic tip into the primordium of the tassel. In the 
Stowell's Evergreen and in the yellow dents included, the transformation 
of the tip meristem into the tassel primordium occurred usually previous 
to the thirty-fifth day after the date of planting (PL I, fig. 2). At this 
time the stem axis was seldom more than three inches in length although 
the plants were two feet or more in height (PL I, fig. 4). 
In his investigations of the vascular anatomy of the first and second 
internodes above the soil roots, Hershey (9) found the vascular system 
well developed in these internodes at the close of the formative period. 
Approximately 90 per cent of the bundles present in these internodes in 
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mature plants were present at the close of the formative period. The first 
and second internodes above the soil roots were selected for the study of 
the progress of vascular development in the stem axis for three reasons: 
They have the maximum diameters of the stem; are more advanced in the 
development of structures than other nodes above the roots; and through 
them must pass nearly all the water and minerals used by the plant. 
As table 1 shows, the formation of vascular bundles in the first and 
second internodes above the soil roots progressed rapidly during and im-
mediately following the formative period. When the plants were 37 days 
of age, the vascular bundles present in these lower internodes were ap-
proximately 90 per cent of those · present when the development of these 
internodes was complete. 
Although most of the vascular bundles in the lower internodes do 
the larger part of their developing in the second period of the plant's 
growth, their number is very largely determined in the formative period. 
This early establishment of the number of the vascular bundles of the 
maize plant has considerable significance when the close positive corre-
lation of the number of bundles and diameters of the lower internodes is 
considered, for it means that both the size and the conductive capacity 
of the stem axis are practically determined during the formative period 
and that the factors which have a determinative effect on the number of 
bundles and the size of the stem operate early in the development of the 
plant. 
TABLE 1. The number of vascular bundles in the first and second internodes abov e 
the soil roots· at various intervals in days a~er planting, calculated in percentages of 
the number of vascular bundles present in the corresponding internodes of mature 
plants 
Percentage of bundles present at the different ages after planting 
(Age in days)• 
Variety First internode Second internode 
15 30 37 45 55 110 30 37 1 45 55~ days days days days days days days days days days days 
Hybrid (274x276) 32 52 79 87 89 100 52 83 86 88 100 
Stein's Reid 37 61 99 95 100 100 58 85 89 96 100 
McCulloch's Reid 35 68 92 98 97 100 70 85 92 91 100 
Osterland's Reid 35 64 86 95 86 100 61 72 90 90 100 
Golden King 42 64 89 84 75 100 66 79 85 76 100 
Average 36 62 89 92 89 100 61 82 88 88 100 
• The average number of vascular bundles present in the internodes above the 
soil roots in mature stems was considered to be on hundred per cent and was used as 
a basis for computing the percentage of bundles present at the various dates after 
planting. 
DEVELOPMENT AND NATURE OF THE PERMANENT ROOT SYSTEM 
As previously stated the embryonic axis below the node bearing the 
coleoptile usually functions only during germination. The "temporary" 
root system is soon supplemented or replaced by the "permanent" roots. 
(PL I, fig. 3). The permanent roots are outgrowths from the regions of 
the lower nodes of the stem axis. They are stem structures and this 
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close morphological relationship between the permanent roots and the 
stem axis is reflected in the interaction of the development of the one 
upon that of the other. 
The first whorl of permanent roots develops from the region of the 
coleoptile node. The roots of this whorl are relatively small and limited 
in both conductive and absorptive capacity. Other whorls of larger roots 
are formed in succession from the nodal regions above until there are 
generally five to seven whorls of permanent soil roots present in the 
varieties included in the investigations. Usually five whorls of permanent 
roots were present at the end of the formative period (Pl. I, fig. 4). The 
formation of brace roots occurred generally about the time of tasseling 
and thus after the conductive capacity of the stem axis was completely 
established. 
It is to be noted in Plate I, figure 5 that, in general, the roots of each 
successive whorl are more numerous and considerably larger than those 
of the whorls below. Corresponding to the greater number and size of 
roots in the successive whorls, there is a noticeable difference in the size 
of the respective nodes from which the successive whorls of roots arise, 
so that the basal end of the maize stem forms an inverted cone. It is ob-
vious that the number and size of roots in a whorl is correlated positively 
with the size of the node from which the whorl of roots arises. The de-
velopment of larger roots and greater leaf area enables the plants to 
develop larger nodes which in turn can develop larger roots. Thus, any 
influence that affects the development of stem affects the development of 
the roots and vice versa. 
The development of more and larger roots as the growth of the plant 
proceeds is the method by which the maize plant and grasses in general 
increase the absorptive and conductive capacity of their root systems and 
thus compensate for the lack of a cambium which in dicotyledonous plants 
is the means of increasing the root system by the unrestricted expansion 
of the vascular tissues already present. 
A cross-sectional view of a maize root, as presented in Plate I, figure 6, 
shows a row of large metaxylem tracheal vessels encircling the pith. 
These large tracheal vessels constitute 75 per cent or more of the con-
ductive area of the xylem. Farther from the pith and near the pericycle 
are the groups of phloem tissues and the smaller tracheal vessels of the 
xylem. Surrounding the vascular region of the root is a thick cortex of 
which the outer portion becomes lignified not far back of the absorptive 
region and thus restricts the further increase in the diameter of the root. 
This process may account in part for the relative uniformity in the diame-
ter of maize roots throughout their length. The permanent roots of maize 
emerge from the stem nearly mature in size and when only a few centi-
meters in length they have their tracheal vessels and other conductive tis-
sue established with no provision for subsequent enlargement. In follow-
ing the development of a maize root to its origin, one finds that the size 
and the conductive capacity of the root is largely determined in the 
"Keimring" of the stem axis in which the root originates. The size of the 
roots formed varies quite consistently with the diameter of the "Keim-
ring." It follows then that the roots of the five whorls, which generally 
constituted the root system at the end of the formative period in the va-
rieties investigated, had their conductive capacity and to a large extent 
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their absorptive capactiy fixed and any stunting effects that had befallen 
them were beyond remedy. This situation has much significance in view 
of the fact that the plant depends entirely upon these five whorls of roots 
when the aerial structures are being determined and also to a large extent 
throughout its entire life. 
The status of the morphological development of the maize plant at the 
end of the formative period (usually 30 to 35 days after planting) , as 
illustrated by the types of maize included in this investigation, may be 
summarized as follows: All the nodes, internodes, leaves, and axillary 
buds the plant will ever have are determined and present in a state of 
partial development; the tip meristem of the stem axis has been trans-
formed into the primordium of the tassel; approximately 90 per cent of 
the vascular bundles present in the lower nodes of the stem at maturity 
are present at the end of the formative period; and, commonly, the root 
system consists of five or more whorls of roots which have their size and 
conductive capacity fixed. 
RELATION OF THE NUMBER OF VASCULAR BUNDLES IN THE STEM TO THE 
SIZE OF THE STEM; OF THE NUMBER AND SIZE OF ROOTS TO THE SIZE OF 
THE STEM; AND OF TI{E SIZE OF THE ROOTS TO THE CROSS-SECTIONAL 
AREA OF THEIR TRACHEAE 
RELATION OF THE NUMBER OF VASCULAR BUNDLES IN THE STEM TO THE SIZE OF 
THE STEM 
The discovery that the number of vascular bundles in the maize 
stems investigated was very largely determined during the formative 
period was followed by an investigation of the relationship of the number 
of bundles to the size of the stem; for, if the number of vascular bundles 
in the stem and the size of the stem are closely correlated, then it follows 
that the size of the stem, too, is very largely determined during the forma-
tive period. The conclusions in regard to the relation of the number of 
bundles to the size of the stem were based upon the number of vascular 
bundles in the cross-sectional areas of the first and second internode 
above the soil roots. These internodes were chosen because, as previously 
stated, they are advanced in development and have the maximum size 
and conductive capacity of the stem axis. 
A significant correlation between the number of vascular bundles 
and the size of the stem is shown in tables 2 and 3. The coefficients of 
correlation ranged from .66 to .69 and from .67 to .72, according to the 
diameter considered. It follows, therefore, that the size of the stem was 
largely determined during the formative period as well as the number of 
vascular bundles in the stem. 
The close correlation between number of bundles in the first and 
second internodes above the soil roots, as shown by the coefficient .74, 
in part justifies the assumption that the anatomical status of the largest 
node, which is nearly always the first or second internode above the 
soil roots, may be taken as representative of the entire stem. 
Furthermore, as shown in table 4, the size of the vascular bundles 
varied with their number. In the small stems the vascular bundles were 
about 36 per cent fewer in number and 27 to 30 per cent less in size 
than those of the larger stems. This means that a maize plant with an 
undersized stem suffers two reductions in its conductive capacity; namely, 
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TABLE 2. The variation in number of vascular bundles in the first and second inter-
nodes of a commercial variety (McCulloch Yellow Dent) 
First internode Second internode 
Number of INumber of 
Diameters in mm. vascular Diameters in ml?_:_ vascular 
Number Large Smap bundles Large Small bundles 
1 20 17 500 24 20 540 
2 21 20 520 22 21 560 
3 20 18 560 23 19 640 
4 19 18 560 24 21 640 
5 21 20 560 27 23 660 
6 17 16 600 20 17 720 
7 23 21 640 23 20 640 
8 24 24 660 28 26 720 
9 28 23 700 32 26 800 
10 24 23 700 26 24 740 
11 24 22 720 27 24 760 
12 30 24 720 34 28 740 
13 26 23 740 30 20 880 
14 32 30 740 35 31 880 
15 28 26 760 33 29 880 
16 27 25 760 30 26 800 
17 26 24 820 29 25 800 
18 28 25 880 28 24 860 
19 30 27 880 32 27 840 
20 25 22 840 30 25 880 
TABLE 3. Coefficients of correlation among various characters and age of the 
maize stem 
No. of No.of 
vascular vascular 
Age Height bundles bundles 
in 0£ Large Small in first in second 
Variable days stem diameter diameter intern ode internode 
A B c D E x 
A. Age in days .96 .73 .71 .43 .46 
B. Height in stem .77 .74 .39 .44 
C. Large diemeter .98 .69 .66 
D. Small diameter .72 .67 
E. Number of vascular 
bundles in first 
internode .74 
in its number and its size of vascular bundles, both of which are largely 
determined during the formative period of the plant's growth. 
The data in table 4 pertain to plants grown in the greenhouse, of 
which all were considerably below normal in size. It is probable that 
a comparison of large and small plants grown in the field would show 
a more marked difference. The observations were made on the largest 
internode, usually the first internode above the soil roots, of 30 approxi-
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TABLE 4. Relative number and size of vascular bundles in large and small maize stems 
(based on studies of the largest internode) 
Distance between 
Vascular bundles vascular bundles 
Cross No.per Size Size 
sec. No. in sq. cm. in in 
Type of stem area stem of stem r ind pith Rind Pith 
sq.cm. microns microns microns microns 
Large stems .54 309 572 195x145 207x248 101 456 
Small stems .17 198 1165 140xl05 104x165 70 321 
Note: All results are given as averages. 
TABLE 5. Data showing the relation of the number of roots in the upper whorl of the 
soil roots and of the cross-sectional area of the roots of each whorl of soil roots to the 
cross-sectional area of the stems 
Cross No.of Average cross-sectional area of roots at each node in sq. mm. 
section- roots Nodes numbered from top downward 
al area at 
of stems upper 1st 2nd 3rd 4th 5th 6th 7th 8th 
sq.mm. node node node node node nodQ node node node 
804.24 26 23.75 21.645 23.75 15.890 9.621 1.767 1.225 
731.99 19 16.687 14.32 15.896 9.621 12.566 0.7854 0.7854 
706.96 16 28.2744 25.698 23.75 9.621 5.937 1.225 
706.86 23 25.698 28.274 25.698 16.687 15.904 9.621 2.405 
637.744 20 19.635 21.645 12.5664 4.908 2.405 1.225 
615.75 23 21.645 28.274 33.174 12.566 5.937 7.068 1.225 
595.74 17 19.635 35.814 24.698 12.566 5.937 0.7854 0.7854 
572.55 18 21.645 28.274 21.645 7.068 7.854 0.7854 
530.93 21 16.687 12.566 15.904 15.904 9.621 1.225 
530.93 20 31.196 15.904 16.587 21.645 7.068 0.7854 0.7854 
520.93 18 17.718 23.750 9.621 12.566 4.908 1.225 
508.93 20 21.645 16.687 9.621 5.937 4.908 4.908 0.7854 
452.39 15 25.698 23.750 25.698 15.896 9.621 4.908 0.7854 
452.39 16 21.645 19.635 7.068 4.908 3.1416 1.225 
433.54 20 15.904 19.635 9.621 8.293 7.068 2.405 0.7854 .7854 
433.54 22 12.5664 15.896 11.045 4.908 2.405 0.7854 0.7854 
329.86 13 15.904 11.042 12.664 7.068 4.908 2.405 0.7854 .7854 
298.452 17 9.621 15.896 11.045 7.068 0.7854 0.7854 
283.52 16 9.621 9.621 7.068 5.937 3.1416 1.225 
240.52 16 9.621 12.566 4.908 7.068 4.908 7.767 
-
240.52 16 9.621 12.566 4.908 7.068 4.908 7.767 
213.628 15 7.068 9.621 5.937 2.405 0.7854 0.7854 
176.715 14 3.1416 5.937 4.908 0.7854 
164.934 9 9.621 11.042 4.908 9.621 0.7854 0.7854 
153.938 10 9.621 7.0686 4.908 1.767 1.225 0.7854 
148.40 19 8.293 11.042 11.042 11.042 5.937 2.405 0.7854 
132.73 8 4.908 4.908 2.405 1.225 0.7854 
113.00 6 11.042 4.908 2.405 1.225 0.7854 
95.033 6 1.767 4.908 4.908 4.908 1.767 
70.686 8 4.908 3.1416 4.908 1.225 0.7854 
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mately mature plants, so selected as to include 15 of the largest and 15 
of the smallest individuals. 
A comparison of the number of bundles per square centimeter of 
cross sectional area shows that the bundles are much more crowded in 
the small stems notwithstanding their reduction in number. This same 
feature is shown again in the last two columns of the table where distances 
between bundles are compared. 
RELATION OF THE NUMBER AND THE SIZE OF ROOTS TO THE SIZE OF THE STEM 
The relation of the number and size of roots to the size of the stem 
was determined from measurements of 100 field plants of a common strain 
of Reid's Yellow Dent. The plants were grown singly and two to three 
feet apart so as to avoid to a large extent the effects of root competition. 
The size of the stems refers to the cross-sectional area of the internode 
just above the soil roots. The relation of the number of roots to the size 
of the stem was determined by comparing the number of roots in the 
uppermost whorl of the soil roots and the size of the largest internode. 
The average cross-sectional area of the roots at each node was determined 
from measurements of six roots at each node or of all the roots at the 
nodes which had six or less roots. Table 5 presents a representative sample 
of the data obtained. 
Although there are some rather marked inconsistencies shown in 
table 5, in general, there is a significant correlation between the features 
under consideration. Between the size of the stem and the number of roots 
in the uppermost whorl of soil roots and between the size of the stem and 
the average cross-sectional area of the roots at the five upper nodes, the 
correlation coefficients, shown in table 6, are highly significant. Between 
the size of the stem and the average cross-sectional area of the roots at 
the lowest nodes, there was much less correlation. The probable ex-
planation is that the lowermost whorls of roots are formed while the plant 
is dependent upon the endosperm and consequently less influenced by 
environmental factors. Furthermore, the lowermost roots are all small 
and consequently less subject to marked variations in size. 
THE RELATION OF THE SIZE OF MAIZE ROOTS TO THE NUMBER AND TOTAL CROSS-
SECTIONAL AREA OF THEIR TRACHEAL VESSELS 
I 
The tendency of the number and size of maize roots to vary with the 
size of the stem is especially significant in its bearing upon the absorptive 
and conductive capacity of the maize root system. An attempt was made 
to determine quantitatively the relation of the size of maize roots to their 
conductive capacity by comparing the average cross-sectional area of the 
roots with the total cross-sectional area of their tracheal vessels. The 
determinations were based upon the measurements of 150 roots from 50 
plants of a common variety of Reid's Yellow Dent. Most of the plants 
were taken from the field. A few were grown in the greenhouse. 
As previously stated and shown in figure 6, the tracheal vessels of 
maize roots consist of two types, the large metaxylem tracheae that border 
the pith and the smaller but more numerous tracheal vessels that are· 
located more nearly in the region of the phloem and pericycle. A com-
parison of the cross-sections of large and small roots as shown in figure 7 
disclosed very little variation in the size of either of the types of vessels 
in the roots of the variety investigated. Whether or not different varieties 
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TABLE 6. Correlation coefficients between the size of maize stems and the number of 
roots in the uppermost whorl of soil roots, and between the size of maize stems and the 
average cross-sectional area of the roots at each node. Based on data shown in table 5 
Between Between the size of the stem and the average cross-sectional area 
size of of the roots at each node 
stem and 
number 
roots in 
uppermost 1st node 2nd 3rd 4th 5th 6th 7th 
whorl of (counting node node node node node node 
soil roots downward) 
.80 .82 .81 .79 .65 .735 .2864 .4679 
of maize differ in the size of their tracheae is still to be determined. The 
variations in the total cross-sectional area of the tracheae of the maize 
roots is attributable, therefore, mainly to the variation in the number of 
the vessels. 
The data in table 7 show that the number of tracheae and also the 
total area of the tracheae in maize roots vary quite consistently with the 
size of the roots. The correlation coefficients, given in table 8, which are 
highly significant, show more convincingly the close relationship of the 
features under consideration. 
The data in table 7 show further that the large metaxylem vessels 
of maize roots afford the greater part of the conductive capacity if cross-
sectional areas can be taken as measures of conductive capacity. The 
cross-sectional area of the large tubes was quite commonly more than 80 
per cent of the total cross-sectional area of the root tracheae. 
SUMMARY AND DISCUSSION 
The morphological development of several varieties of maize plants 
are described with particular reference to the differentiation of stem 
structures and the relation of the following: The size of the stem to the 
number of its vascular bundles and to the number and size of its perma-
nent roots; and the average size of the roots to the number and total cross-
sectional area;of their tracheal vessels. 
It was found that almost all the structures of the plant were formed 
during the first 30 to 40 days following planting; namely, all the nodes, 
internodes, leaves and axillary buds, also the tassel, at least five whorls 
of permanent roots, and 90 per cent of the vascular bundles in the lower 
internodes of the stem. In most of the maize plants observed, all the 
structures listed above were differentiated prior to the thirty-fifth day 
after planting. The period of differentiation was followed by a period 
of 35 to 40 days in which almost all the structures differentiated during 
the previous or formative period developed to mature size. This period 
of development was followed by pollination, fertilization, and the maturing 
of the kernels. 
Of the three rather distinct periods in the life cycle of the maize 
plants, the first or formative period much surpassed the others in de-
terminative effects on the final achievement of the plants, because during 
this period nearly all the structures upon which the future development 
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TABLE 7. Data showing the relation of the cross-sectional area of maize roots to the 
number and to the total cross-sectional area of both their large and small tracheae 
Area of Area of 
large small 
Cross Cross Cross tubes in tubes in 
section section section percent- percent-
area of Number Number area of area of age of age of 
roots of large of small large small area of area of 
sq. mm. tubes tubes tubes tubes roots roots 
28.2744 80 240 .6283 .2094 .0222 .007 
21.9912 60 180 .8369 .1561 .038 .0071 
21.9912 65 195 .6942 .1702 .031 .0077 
21.9912 60 180 .8369 .1561 .038 .0071 
21.9912 65 195 .6942 .1702 ,.031 .0077 
21.9912 80 240 .4348 .2094 .029 .0095 
19.635 60 180 .3261 .0427 .026 .0021 
19.635 60 180 .6059 .1561 .032 .0079 
19.635 80 240 .6283 .2094 .032 .0106 
19.635 75 225 .8011 .1964 .0408 .01 
19.635 75 225 .5891 .1964 .03 .01 
15.904 55 165 .2989 .0360 .019 .0022 
15.904 40 120 .5379 .1047 .033 .0065 
15.904 50 150 .5341 .1308 .033 .0082 
15.904 36 108 .5020 .0942 .031 .0059 
12.566 30 90 .3204 .0785 .025 .0062 
12.566 60 80 .4712 .0698 .038 .0055 
12.566 45 135 .4806 .0295 .038 .0023 
9.621 40 120 .3142 .1047 .0326 .0109 
9.621 45 135 .3534 .1178 .0364 .0122 
9.621 48 144 .2608 .1257 .027 .013 
9.621 28 84 .2990 .0733 .3079 .0076 
7.068 30 90 .1630 .0196 .023 .0027 
7.068 28 84 .2199 .0733 .0308 .0103 
7.068 40 120 .2074 .1047 .0304 .0148 
7.068 18 54 .1923 .0471 .027 .0066 
4.908 18 54 .1923 .0471 .039 .0096 
4.908 30 90 .2356 .Q785 .048 .016 
4.908 40 120 .3142 .1047 .0631 .0213 
4.908 24 72 .1004 .0628 .0263 .0128 
3.1416 12 36 .1282 .0314 .0409 .01 
3.1416 12 36 .1272 .0314 .0409 .01 
3.1416 36 108 .1953 .0942 .0621 .03 
3.1416 20 60 .1087 .0131 .034 .0042 
1.7671 20 60 .1087 .0524 .0615 .0296 
1.7671 12 36 .0652 .0079 .0369 .0044 
1.7671 14 42 .0761 .0367 .043 .0207 
0.7854 11 33 .1176 .0287 .149 .0366 
0.7854 10 30 .0785 .0262 .10 .0333 
0.7854 14 42 .0761 .0092 .094 .0116 
0.7854 18 54 .0987 .0118 .124 .0142 
0.7854 16 48 .0870 .0105 .11 .0133 
of the plants depended were established and to a large extent fixed in 
both number and size. 
During this period the number of nodes, internodes, leaves and 
axillary buds were determined by the transformation of the tip meristem 
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TABLE 8. The coefficients of correlation between the cross-sectional area of maize 
roots and the number and the total cross-sectional area of their large and small tracheae 
Between number Between number Between the Between the 
of large tubes and of small tubes and cross-sectional cross-sectional 
cross-sectional cross-sectional area of roots and area of roots and 
area of roots area of roots total cross- total cross-
sectional area sectional area 
of large tubes of small tubes 
.9175 .9146 .9121 .8162 
into the tassel primordium. Ninety per cent of the vascular bundles 
in the first and second internodes above the soil roots and at least five 
of the seven whorls of roots generally present at maturity were formed 
during the formative period. The positive correlation of the size of the 
lower internodes and the number of their vascular bundles showed that 
the size of the stems, too, was largely determined during the formative 
period. The close positive correlation of the size of the stem and the 
number and size of the permanent roots and of the size of the roots and 
their tracheal vessels leads to the conclusion that all these features were 
largely determined during the first 30 to 40 days and generally before the 
thirty-fifth day after planting. 
The early determination of structures is especially significant in 
maize in view of the fact that there is very little provision whereby 
structures can enlarge after they are established. The anatomy of the 
maize plant makes no provision in the roots and very little in the stems 
for the recovery from stunting effects that occur during the establishment 
of these structures. Favorable environment and the best cultural methods 
during the developmental and following period are necessary to bring 
about the maximum efficiency in the functioning of the structures present, 
but they cannot eliminate or mitigate to any great extent the structural de-
ficiencies imposed upon the plant during the formative period. On the 
other hand, it is well recognized that unfavorable conditions and cultural 
methods during the later periods can render ineffective the advantages 
of a perfect structural organization developed during a favorable forma-
tive period. A view of the situation which takes into account the fact 
that nearly all of the structural features of both stem and roots which 
have to do with the mechanical support of the plant and with the supply-
ing of the water and minerals to the aerial portions are established and 
largely fixed numerically and quantitatively during the formative period 
leads to the conclusion that the maximum possible harvest of a given 
maize crop is very largely determined during the formative period. 
From the foregoing conclusions it follows that influences which have 
stunting effects on maize plants tend to be most serious when they operate 
early. Such environmental factors as competition and shading, for 
example, produce the most injurious effects during the formative period. 
Some interesting questions arise here regarding the interactions-of 
roots, stem axis, and leaves upon each other. The close correlation between 
the size of the maize stem and the number of roots in the upper whorl, 
and size of roots in the different whorls shows that a reduction in the 
growth of one was followed by a reduction in the subsequent growth of 
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the other. One would naturally expect a similar close relationship to 
exist between the development of the stem axis and the leaves. It follows 
that any influence affecting the development of one of these structures 
similarly affects the development of the others. Eisele (7) found that 
the stems of maize plants grown five in a hill were less than half the size 
of the stems of plants grown singly. In view of the close positive correla-
tion between size of stem and number, size, and conductive capacity 
of roots, as shown by the data obtained by the authors, there must have 
been a corresponding reduction in the root systems. He found, however, 
that the reduction in the size of the stem was pronounced before any 
reduction in leaf area was recognizable. In other words, the effect was first 
manifested either in the roots or the stem and the effect in the leaf area 
was secondary. Hershey (9) obtained a marked reduction in the size 
of maize stems when the plants were grown under a cheese cloth shade. 
Here again, in view of the close positive correlation between size of stem 
and the number and size of roots, there must have been a similar reduction 
in the size of the root systems. 
In the pruning of fruit trees Chandler (5) found that with a reduction 
in leaf surface and consequently in the supply of photosynthetic foods, 
root growth was often checked much more than top growth. Apparently 
the structures nearest the place where the food is made have first claim 
on the food supply. In the maize plants grown under cheese cloth and 
possibly in those grown crowded in the hill, it is probable.that root growth 
was checked more than the growth of the aerial parts. 
LITERATURE CITED 
1. BREWBAKER, H. E., and F. B. IMMER 
Variations in stand as sources of experimental error in yield tests with corn. 
Jour. Amer. Soc. Agron. 23:467-480. 
2. BRIGHAM, A. A. 
1896. Des Mais. Inaugural Dissertation. Gottingen. 
3. BROWN, E. B., and H. S. GARRISON 
1923. Influence of spacing on productivity in single-ear and prolific types 
of corn. U.S. Dept. Agr., Bul. 1157. 
4. BRYAN, A. A. 
1933. Factors affecting experimental error in field plot tests with corn. 
Iowa Agr. Exp. Sta., Res. Bul. 163. 
5. CHANDLER, w. H. 
1920. Some results as to the response of fruit trees to pruning. Proc. Amer. 
Soc. Hort. Sci. 16: 88-101. 
6. COLLINS, G. N. 
1916. Correlated characters in maize breeding. Jour. Agr. Res. 6: 435-453. 
7. EISELE, H. F. 
1933. The influence of environmental factors on the growth of the corn plant 
under field conditions. (Unpublished thesis in Iowa State College Library.) 
8. EWING, E. c. 
1910. Correlation of characters in corn. N.Y. Cornell Univ. Agr. Exp. Sta. 
Bul. 287. 
9. HERSHEY, A. L. 
1934. A morphological study of the structure and development of the stem · 
and axillary shoots of Zea mays L. (Unpublished thesis in Iowa State College 
Library). And Development of the vascular system of corn. Proc. Iowa Acad. 
Sci. 37: 125-126. 1930. 
10. HUGHES, H. D., J . L. ROBINSON, and A. A. BRYAN 
1929. High yielding strains and varieties of corn for Iowa. Iowa Agr. Exp. 
Sta. Bul. 126. 
502 JOHN N. MARTIN AND ARTHUR L. HERSHEY 
11. JENKINS, M. T. 
1929. Correlation studies with inbred and crossbred strains of maize. Jour. 
Agr. Res. 39:677-721. 
12. KIESSELBACH, T. A. 
1922. <;:orn investigations. Nebr. Agr. Exp. Sta. Res. Bul. 20: 96-102. 
13. KOEHLER, B., G. H. DUNGAN, and J . R. HOLBERT 
1925. Factors influencing lodging in corn. Ill. Agr. Exp. Sta. Bul. 266. 
14. MILLER, E. c. 
1916. Comparative study of the root systems and leaf areas of corn and the 
sorghums. J our. Agr. Res. 6: 311-331. 
15. MONTGOMERY, E. C. 
1911. Correlation studies of corn. Nebr. Agr. Exp. Sta. Ann. Rept. 24: 108-159. 
16. MoRRow, G. E., and F. D. GARDNER 
1893. Field experiments with corn. 1892 Ill. Exp. Sta. Bul. 25:173-203. 
17. NIELSEN, J. W. 
1923. Relation of seedling characters to yield in corn. (Unpublished thesis. 
Library, Iowa State College, Ames, Iowa). 
18. SHEPPARD, J . Y., and A. M. TEN EYCK 
1899. Crop report for 1898. I. Variety tests, thickness and depth of planting 
grain, forage and root crops. N. Dak. Agr. Exp. Sta. Bul. 39: 413-468. 
19. w ALLACE, H. A.; and G. w. SNEDECOR 
1925. Correlation and machine calculation. Iowa State College, Off. Pub. 
23, No. 35. 
20. WILLIAMS, C. G., and F. A. WELTON 
1915. Corn experiments. Ohio Agr. Exp. Sta. Bul. 282. 
DESCRIPTION OF PLATE I 
Fig. 1. Embryo of maize (a variety of Reid's Yellow Dent) at time of planting, showing 
the upper end of the embryonic axis with the apical meristem (M) and coleop-
tile node (C) indicated. The coleoptile node and portions of the embryonic 
axis above are the only portions of the embryo present in the mature plant. 
Fig. 2. Lengthwise section through the apex of a maize stem 37 days after planting. 
The apical meristem has been transformed into a tassel primordium (t) and 
several axillary buds (b) (potential ears) are recognizable in the leaf axils. 
Fig. 3. Seedling of maize showing the lowermost or coleoptile node (c) of the maize 
stem from which the first permanent roots arise. All the seedling below this 
node usually ceases to function soon after germination. 
Fig. 4. Plant 45 days of age from which leaves have been removed to expose to view 
the tassel at the apex and the axillary buds at the nodes. This plant was in 
the early stage of rapid stem-elongation. Note that the stem base is an 
inverted cone. 
Fig. 5. Maize plant near tasseling stage showing the usual difference in size of nodes 
bearing roots, in size of the roots of the different whorls, and the uniformity 
in size the roots maintain throughout their length. 
Fig. 6. Cross section of a maize root showing the large metaxylem vessels (1) and 
the small xylem vessels (s). 
Fig. 7. Cross sections of a large and a small maize root showing the uniformity in 
size of tracheae regardless of the size of roots. 
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PLATE I. 

SOME NEW ASPECTS OF MAIZE SMUT1, 2 
GLEN N. DAVIS 
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Accepted for publication November 16, 1934 
Corn smut produces galls on all aerial parts of the corn plant but the 
most common place of attack is the node. It has been observed that 
nodal and ear infections are prevalent in some years and rare in others, 
and that these infections vary considerably in abundance in neighboring 
fields and in different sections of the same field. Furthermore, it has 
been observed that these galls appear late in the development of the 
corn plant. 
The opinion is rather general that smut galls result from infection of 
the axillary bud at the point where the smut gall originates. However, 
results of our study as set forth in the following presentation have led 
to the belief that the corn smut organism infects the plant at an early 
stage of development and that subsequent parasitism and expression 
of the smut are dependent upon the development of its host plant. 
Artificial inoculations with corn smut at the nodes never have given 
results typical of those found in the field. The hypothesis in these studies 
was that infection took place early in the development of the corn plant 
by way of the spiral whorl. In securing infections in this way, it was 
found that both the age of the plant, and surface tension of the inoculating 
fluid were important factors. 
A sporidial suspension in carrot decoction with a surface tension of 
47.0 dynes per sq. cm. gave an average of 30 per cent of plants with 
infected leaves but no smut galls were produced. A spore suspension in 
0.5 per cent acetone-carrot decoction with a surface tension of 43.6 dynes 
gave 38.4 per cent infection with galls produced on 7.6 per cent of the 
inoculated plants. A spore suspension in 1.0 per cent acetone-carrot 
decoction gave 53.0 per cent infection with galls on 30.7 per cent of the 
inoculated plants. The 0.5 per cent fish oil soap-carrot decoction inoculum 
resulted in 77.0 per cent infection with galls on 38.4 per cent of the 
inoculated plants, while the spore suspension in 1.0 per cent fish oil 
soap-carrot decoction which had the lowest surface tension of all the 
solutions used, namely 34.0 dynes, gave 92.3 per cent infection with galls 
produced on 69.2 per cent of the inoculated plants. 
As a result of the foregoing experiment the spore suspension in 
1.0 per cent fish oil soap-carrot decoction was selected as the inoculum 
for further study. A total of 500 sweet corn plants, variety Golden 
Bantam, were inoculated when about one foot tall. Of these 92.0 per cent 
became infected and on 32.0 per cent of the plants smut galls were pro-
duced. However, 54.4 per cent of the smut galls produced did not make 
their appearance until late in the development of the plants. In an experi-
ment in which 500 similar plants were inoculated with a sporidial sus-
1 Journal Paper No. J222 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 92. 
2 Abstract. 
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pension in carrot decoction, 36.6 per cent of the plants became infected. 
When 150 plants reputed as very resistant and showing an average of 
only 1.9 per cent natural infection in the field were inoculated with a 
sporidial suspension in a 1.0 per cent fish oil soap-carrot decoction 
solution galls were produced on 30.0 per cent of the plants. 
The leaf sheaths were stripped from 1985 plants which were exposed 
to natural and artificial infection during the summer of 1934. Many small 
smut galls aggregating 39.3 per cent of the total infection, which had not 
grown sufficiently large to rupture the leaf sheaths were found at the 
nodes, indicating the need to remove the leaf sheath when varieties are 
tested for resistance to obtain a more nearly complete picture of total 
infection. 
Since nodal infections usually appear late in the season and often in 
times of extensive drouth it appeared that the smut mycelium may have 
been dormant in the nodal buds for a long period. A series of field and 
laboratory experiments was conducted during 1931 to 1934 inclusive to 
determine whether this might be the case. Field corn variety Reed's 
Yellow Dent was planted on or near May 10 of each year and inoculated 
when about one foot tall by dropping one and one-half to two c.c. of a 
sporidial suspension in a 1.0 per cent fish oil soap-carrot decoction solu-
tion into a spiral whorl of each plant. An equal number of non-inoculated 
plants were held as checks. About the middle of August of each year 
smut readings were taken on all plants with special attention to nodal 
infection. Immediately thereafter the plants were injured to increase 
axillary bud development and to determine the effect of such increased 
bud development on the production of nodal smut galls. A series of 
inoculated and non-inoculated plants was treated in the following ways, 
(1) tops removed about the ear, (2) ears removed, and (3) tops and ears 
removed. Uninjured plants were held as checks and final smut readings 
were taken near the last of September. 
Injury to the corn plants by any of the methods mentioned did not 
result in a very large increase in the number of infected plants. However, 
it did result in a large increase in the number of nodal smut galls over the 
number obtained in the uninjured check plants. The results obtained by 
injury to the inoculated and non-inoculated plants were of the same 
nature, except that there was a higher percentage of infected plants and 
a greater number of smut galls in the inoculated plants than in the non-
inoculated. Results of four years' experiments figured on a per-plant 
basis showed that the removal of the tops of the non-inoculated plants did 
not give a significant increase in the number of nodal smut galls. How-
ever, removal of the ears gave an increase of 23.3 per cent over the checks 
and removal of the tops and ears gave an increase of 45.1 per cent over 
the checks. In the case of the inoculated plants removal of the tops gave 
an increase of 20.4 per cent in the number of nodal smut galls over the 
number obtained in the inoculated uninjured check plants. Removal of 
the ears gave an increase of 15.6 per cent over the checks and removal 
of tops and ears gave an increase over the checks of 31.7 per cent. Similar 
results were obtained by inhibiting pollination by covering the silks 
with a paper bag. On a per-plant basis 30.2 per cent more smut galls 
were produced on the inoculated plants than on those exposed to natural 
infection. 
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The results obtained in the foregoing experiments indicating the 
presence of unexpressed infection suggested the examination of axillary 
buds for the detection of smut mycelium in order to determine whether 
more buds were actually infected than was indicated by the number of 
smut galls produced. A series of sweet corn plants, variety Golden 
Bantam, was planted in the greenhouse and inoculated when about 30 
days old. At 14 days after inoculation, and at intervals thereafter for 67 
days, 10 plants at a time were selected at random and all the axillary 
buds on these plants were examined for the presence of mycelium. 
Examination was made by cutting longitudinal free hand sections from 
each bud. The sections were stained with cotton blue in lactophenol 
and counterstained with eosin, staining the mycelium a dark blue and 
the plant tissue a light pink color. Histological sections and prepared 
slides were made to verify the free hand examinations. A total of 262 
axillary buds from 50 plants were examined and of this number 140, 
or 50.7 per cent, were found to be infected with smut mycelium. This 
number, or 140 infected axillary buds, is greater than the number of smut 
galls produced on 50 plants, therefore a large percentage of the infected 
buds may never produce smut galls and the presence of the mycelium 
in them may never be expressed. Such findings show that a corn plant 
may be susceptible to smut infection and may even be infected but due 
to failure of the axillary buds to develop may not express the infection. 
The foregoing results may lead to the explanation of the prevalence 
of corn smut in dry years. 1£, as indicated, nodal infections occur only 
when the plants are young and become evident only when the dormant 
buds become active, then nodal smut boils are dependent on factors which 
tend to stimulate activity in the axillary buds of the corn plant. This 
stimulation is very evident in dry years when there are more barren 
and poorly pollinated ears resulting in excess food and bud stimulation. 

THE TRANSLOCATION OF CARBOHYDRATES IN MAIZE1 
W. E. LooMIS 
From the Department of Botany, Iowa State College 
Accepted for publication November 16, 1934 
Maize ranks among the Jmportant agricultural crops of the world and 
is one of the most efficient plants of the temperate zones in the produc-
tion of dry matter. The economic importance of the plant justifies more 
careful studies of its physiology than have been published to date, while its 
relatively high synthetic efficiency suggests that a careful study of the 
production and utilization of carbohydrates by maize might contribute 
to our knowledge of limiting factors in photosynthesis. 
The present paper is particularly concerned wtih translocation in the 
maize plant as affected by photosynthesis, sugar gradients and other fac-
tors, and as affecting rates of photosynthesis and storage within the plant. 
EXPERIMENTAL 
THE RELATION OF FRUITING TO TRANSLOCATION IN MAIZE 
A number of preliminary experiments were run to determine the re-
lation of leaf area and other factors to grain yield; the yield of grain being 
considered a partial measure of total translocation. In the 1929 experi-
ments from which most of the data shown are taken, treatments were 
replicated six times with single row, 20-hill plots. In the 1927 and 1928 
experiments four replications were used with the same size plots. The 
plots were arranged to throw similar treatments together; when this was 
not possible guard rows were inserted. For example, if row one were 
normal and row two, lower 75 per cent of leaves left, row three would be 
lower 50 per cent of leaves, etc. Row two thus had as much advantage 
over row three as it had disadvantage in comparison with row one. This 
arrangement resulted in the partially defoliated plots receiving maximum 
sunlight and minimum root competition. As a check upon border effect, 
a row with the upper leaves removed (lower 25 per cent left) was placed 
between normal rows where it received maximum competition. In the 
early experiments the exposed row in the regular series, which had the 
lower 25 per cent of its leaves remaining, yielded 1.2, and in the late ex-
periments 2.0 bushels an acre more than the same treatment with over-
shadowing, normal guards. Neither difference was statistically significant. 
These results indicate that border effect was not a serious factor in the 
experiments. 
The data obtained in these defoliation experiments were very clear 
cut in showing the dependence of grain yield upon leaf area. Additional 
data supporting this conclusion have been obtained by Dungan (3) at 
Illinois and by Eldredge (4) at this station. The relationship between 
leaf area and yield is shown in figure 1 and table 1. Removing all of the 
leaves at tasseling stopped the development of the ear shoots and no grain 
was produced. 
1 These studies were made possible by grants from the Rockefeller Fluid Research 
Fund. 
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TABLE 1. Relation of leaf area to yield of maize, 1929 
Yield in bushels per acre 
Leaves left after 
defoliation 
Defoliated at I Defoliated at 
tasseling glaze 
None 
Lower 25 per cent 
Upper 25 per cent 
Lower 50 per cent 
Upper 50 per cent 
Lower 75 per cent 
Upper 75 per cent 
Check-all leaves 
0.0 
5.3 ± 0.5 
19.8 ±1.1 
36.0 ±0.8 
43.8 ±1.9 
56.0±1.6 
56.9 ± 2.2 
61.2 ± 3.8 
33.8 ± 0.5 
46.2±1.2 
43.4 ± 0.4 
49.9 ± 2.1 
53.3 ± 2.7 
58.9 ±1.2 
61.7±1.7 
65.8 ±1.8 
When 25 per cent of the leaves were left on the tasseling plants the 
yield was 300 per cent greater when the leaves were at the top of the plant. 
The upper 50 per cent of the leaves also outyielded significantly the lower 
50 per cent of leaves (table 1). These differences cannot be ascribed 
to leaf efficiency for in the late treatments there were no significant dif-
ferences in the yields due to age or position of leaves on the stalk (fig. 2) . 
The plants with the lower 25 per cent of their leaves remaining and 
producing 5.3 bushels of dry shelled grain an acre, formed only a few scat-
tered grains on each cob. These 
grains were normal in size and 23 
per cent larger than the grains pro- , 0~------------­
duced by plants with the leaves at 
the top. Most of the ovules on the 
plants with the leaves left below the 
ear shoot at tasseling failed to de-
velop, and total translocation to the ' 0 
ear was low. When the same leaf 
area was left above the ear more ,4 01-----+---_,q~---1------J 
than four times as many ovules de-
veloped. 
Experiments with woody plants 
(9), in which translocation can be 
checked conveniently by cutting 
away the phloem, have shown that 
the normal path of elaborated food 
is downward from the leaves. Har-
vey and Murneek (6) have reported 
that defoliation of a single spur 
without disturbing the adjoining 
leaves, prevents the formation of 
fruit buds and flowers in apple. On 
the other hand, Haller (5) finds that 
normal fruits may be produced on 
defoliated apple limbs when the 
nearest leaves are as much as ten 
feet from the fruit, provided de-
foliation is delayed until after the 
Z5 
I 
I 
I 
I 
50 
" 
Percentage of leaves remaining. 
000 
Fig. 1. The relation of the percentage and 
location of leaves left on silking maize 
plants to the yield of grain. 
In plants stripped at this stage the leaves 
located below the ear shank were sig-
nificantly less effective than those 
above. 
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fruit is set. Dungan (3) reports 
that the leaves of maize suckers sup- 10.------.----....---.-----. 
ply food materials to the ear when 
the main stalk is defoliated in the 
milk stage, but' not when it is de-
foliated before fertilization. 
The failure of suckers and lower .001-----+-----+---+-+------< 
leaves to supply enough food for 
ovule development suggests that 
the elaborated food materials of the 
young corn plant move downward, 
as they have been shown to do in ' 0 
trees, and only those plants with 
leaves at or above the ear shank 
moved enough food to the young 
Lcavc.s c1 Bo!>c of Stolle. 
I I 
Lcavc.s ot Top of Stalk'.'. 
ear to insure the development of a •of---+--+----+----f------J 
considerable number of ovules. Af-
ter fertilization, translocation condi-
tions within the corn plant are ap-
parently changed as they are in 
apple, and the developing fruits 300·~--~z,---,.,~--~,~.--~,00 
dominate the translocation pro-
cesses of the plant. The failure of 
the development of the ovules and 
silks, or possibly of the fertilized 
egg, is emphasized in this report be-
cause of the abundant pollen avail-
able from nearby plants. The tassel 
of defoliated plants was affected, 
but since the tassel was developed 
further than the ear at the time of 
Percentage of leaves remaining. 
Fig. 2. The effectiveness of upper and 
lower leaves of maize plants with fer-
tilized and developing ears. 
After fertilization the lower leaves of the 
maize plant were as effective, area for 
area, as the upper leaves. 
the early defoliation treatments, and there was no possibility of a pollen 
shortage, no study of anther and pollen development was made. 
Normally, half of the leaf area of the maize plant is above the ear 
and half below. When the leaves were removed at tasseling the upper 
leaves were significantly more efficient in grain production than the lower 
until 75 per cent of the area was left (fig. 1). With these treatments at 
least three large leaves were left above the ear. Removing the upper 
leaves exposed the lower leaves to adequate light, and the greater age of 
the lower leaves did not prevent their showing an efficiency as great as 
that of the upper leaves in the late experiments (fig. 2). The data would 
seem to be best explained by assuming, as we have, that upward translo-
cation from the lower leaves to the ear is not initiated until after fertiliza-
tion and the beginning of embryo development. 
Additional evidence on the dominant effect of the fertilized ear upon 
translocation in maize was obtained by noting the relation of leaf area 
and developing ovules to the root system of the plant. Plants developing 
normally' made comparatively little root growth after fertilization. Plants 
on which ear fo~tion was prevented showed an abnormally vigorous 
root system up to the time the plants were killed by frost. On the other 
' 
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TABLE 2. The relation between the ratio of leaf area to grain and the late season 
vigor of maize 
Yield Ave. wt. 
Percentage 
of stalks 
in bu. kernels dying 
Treatment acre in gms. prematurely 
Norie 61.2 ±3.8 0.318 8 
% of leaves removed before fertilization 5.3 ± 0.5 0.303 0 
%, of leaves removed after fertilization* 46.2±1.2 0.244 73 
* Plants harvested at the date of this late defoliation produced 33.8 bu. of chaffy 
grain. The remaining 25 per cent of the leaf area thus produced 12.4 bu. of grain in 
approximately half of the time required to produce 5.3 ·bu. with the corresponding 
early defoliation. 
hand, when one-half to three-fourths of the leaves of maize plants were 
removed soon after fertilization, the weakening of the roots was so pro-
nounced as to have been apparently a major factor in the early death of 
the stalks, with the consequent production of chaffy grain. The data are 
presented in table 2. When the majority of the leaves were removed be-
fore fertilization the ovules did not develop and the food supply for the 
stalk and roots was normal or better than normal. When one-half to 
three-fourths of the leaves were removed at the time that the grain crop 
was about one-half developed, the large number of developing fruits in 
relation to the sharply reduced leaf area resulted in the premature death 
of the roots, and in the subsequent death of the tops. A comparison of 
figures 5 and 6 shows that the bases of the normal fruiting stalks con-
tained less than one-third as much sucrose as did the defruited plants, and 
removing some of the leaves from the fruiting stalks should have further 
emphasized this effect of the ear. 
The flattening of the upper portions of the curves in figure 1 also 
may be explained upon a basis of translocation. When the leaf area was 
reduced to a relatively low value (25 to 75 per cent of normal) the fully 
developed translocation machinery of the plant would have been expected 
to effect the rapid removal of food materials from the leaves. With a rela-
tively large leaf area for the same or an only slightly larger number of 
developing ovules, probably translocation became a limiting factor in 
grain development. With a delay in the removal of photosynthate from 
the leaves we might expect a tendency toward the reversal of some of 
the photosynthetic reactions with a consequent loss in leaf efficiency. The 
loss in efficiency is shown by the data although direct evidence that the 
photosynthetic processes were reversed is not available. 
Injuries to the leaf and stalk which did not decrease the leaf area had 
little or no effect upon yield. The data from some of these experiments 
are given in table 3. The lower internodes of maize stalks were bruised, 
in one case so badly that 97 per cent of the stalks were down shortly after 
treating, without significantly reducing the yield. Slitting the leaves length-
wise arid leaf mutilations which did not result in a loss of leaf area also 
failed to affect the yield. Either photosynthesis and translocation were 
not disturbed by these treatments, or, more probably, the disturbance did 
not result in the 10 or 15 per cent loss of effective leaf area which might 
TRANSLOCATION OF CARBOHYDRATES IN MAIZE 513 
TABLE 3. The effects of bruising the stalk or slitting the leaves upon the yield of maize 
Check Yield Loss Odds Percentage 
yield of due to of bruised 
bu. per treated treat- signifi- stalks 
Stalks bruised 12 times acre plants ment cance broken 
1928 experiments 48.0 44.9 3.1 2.5-1 97.1 
July, 1929 61.2 58.9 2.3 1.0-1 4.0 
August, 1929 65.8 60.5 5.3 3.4-1 55.0 
Leaves slit 4-6 times 
July, 1929 61.2 57.7 3.5 1-1 
August, 1929 65.8 64.2 1.6 1-1 
have been expected from figure 1 to give a significant reduction in yield 
under the conditons of the experiment. 
THE EFFECT OF DEFRUITING UPON THE DRY MATTER OF THE MAIZE PLANT 
In the experiments just described the leaf area was varied and vari-
ations in storage area were incidental. In the late removal of the leaves 
the storage capacity of the ear in so far as this is determined by the num-
ber of developing ovules, was unaffected. In parallel experiments a study. 
was made of accumulation of dry matter in plants from which all develop-
ing ears were removed. Mason and Maskell (12) have shown that sugars 
move on a concentration gradient in the bark of cotton. Removing the 
ear should upset any gradients present in the corn plant by eliminating 
the principal storage organs. The treatment resulted in a sharp reduc-
tion in the total dry matter accumulation in the tops of the defruited 
plants, as may be seen in table 4. The stalks of the defruited plants 
TABLE 4. The effect of removing the ear on the dry weight inerement of the maize 
plant 
Dry. wt.check Dry wt. defruited Dry wt. increments after 
stripping 
Series Ears stalks Strippings Stalks Check Defruited Ratio 
1928 41.6 38.4 19.4 51.9 23.2 15.5 1.5-1 
Early 1929 17.4 10.7 4.12 16.8 14.39 7.21 2.0-1 
Late 1929 18.9 13.6 10.6 16.0 11.9 6.0 2.0-1 
weighed 35 per cent more at maturity than the stalks of normal plants 
carrying an ear, but this increase in stalk weight was approximately only 
one-half as great as the increase in ear weight of the check plants dur-
ing the same period. The defruited plants had a more vigorous root 
system at the end of the period and undoubtedly made a greater root 
growth under the stimulus of higher food levels in the plants (7). Al-
though no measurements of root growth were made, the force required 
to pull the defruited plants on September 15 was estimated to be three 
to five times the force required to pull normal plants bearing ears. The 
defruited plants also developed a deep red anthocyanin pigmentation, and 
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the stalks appeared to be stiffer although breaking tests showed that the 
11 to 23 per cent greater average strength of defruited stalks was so vari-
able in individual measurements as not to be statistically significant with 
a 20-stalk example. 
DIURNAL VARIATIONS IN THE RATE OF TRANSLOCATION IN MAIZE 
The conventional picture of translocation assumes that it is character-
istically a night time process. Curtis' (2) experiments on the effect of 
temperature on translocation might suggest that cool nights would be less 
favorable for translocation than the warmer day. The normally higher 
sugar content of the leaves in the day should also accelerate translocation 
at this time. On the other hand, the generally greater growth of plants at 
night might be expected to reduce sugar concentrations within the 
plant and so increase movement at night. Loomis (8) has shown, how-
ever, that maize makes its most rapid growth in the late afternoon and 
early evening and morning, or on cloudy days when the air temperature 
is high, but a water deficit is not maintained within the plant shoot by a 
high transpiration rate. Diurnal sugar curves for the leaves and stalks 
of maize in the silking stage are 
shown in figure 3. Similar curves 
made at later development stages 
differ only in showing a very much 
higher percentage of sucrose in the 
stem with the same diurnal fluctu-
ation. It is probably impossible to 
fix with certainty the sugars of 
photosynthesis and translocation 
from data of this type. Throughout 
all of our work, however, sucrose 
has been the only sugar, and with 
dextrin, the only carbohydrate, to 
show appreciable systematic daily 
changes in concentration in any 
organ of the vegetative plant. The 
sucrose curve for the leaves sug-
gests that translocation from these 
organs reaches a maximum at 4 
p. m. and is practically complete 
by 10 p. m. These hours are also 
the hours of normally greatest 
growth (8). A small portion of the 
rapid drop in sucrose may be at-
tributed to the formation of dex-
trin within the leaf, but the per-
centage of dextrin is never large 
and it normally reaches a maxi-
mum at 6 p. m. or before; too early 
to seriously affect our conclusion 
that translocation is most active in 
the afternoon and early evening. 
0 . 
Fig. 3. Diurnal variations in the sugar 
concentrations of the leaf and stem of 
silking maize. Sampled July 15-16, 1934. 
Sucrose would appear to be the sugar 
accumulating in the leaves and moving 
to the stems. At this stage sucrose shows 
a positive gradient from the leaves to 
the stems and ear shoot, but after fer-
tilization the sucrose content of stalks 
and ear shanks rises sharply until all 
gradients become negative. 
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TRANSLOCATION GRADIENTS IN THE 
MAIZE PLANT 
The earlier work of Mason and 
Maskell (12) suggests that a con-
centration gradient is a primary 
factor in the translocation of or-
ganic food materials in plants, al-
though unknown factors increase 
the rate of movement of sugars in 
the bark of the cotton plant to 50 
times the rate which would be ex-
pected from diffusion acting alone 
over the observed gradients. In a 
later paper Phillis and Mason (12) 
found that sugar was moved 
against a concentration gradient 
from the border parenchyma of 
the leaf mesophyl into the phloem, 
but that once within the phloem it 
moved on a positive gradient to 
the point of utilization. These re-
sults indicate the possibility of 
moving sugars from a lower to a 
Glucose:> j 
>' / / 
o.5 I / 
//~Fructo0< 
/ 
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Fig. 4. Sugar gradients in silking maize 
plants at 4 p. m. on July 20, 1934. 
The samples for these analyses were taken 
five days after those for figure 3. The 
sucrose gradient is changing from posi-
tive to negative; reducing sugar gradi-
ents continue negative. 
higher concentration through the action of living cells, whereas the 
usual concepts of the movement of solutes within plants do not cover 
this type of "pumping" action. The net conclusions of the Trinidad work 
on translocation in cotton seem, however, to be that although movement 
against a gradient or vital "pumping" is possible, most movement of car-
bohydrate and organic nitrogen compounds in cotton occurs along the posi-
tive, dynamic gradient that exist between the high concentration at the 
point of original formation or digestion of a compound and the low con-
centration at the point of storage or utilization. The acceleration in ob-
served rate above the calculated rate on the basis of diffusion acting alone 
is variously assigned to protoplasmic circulation, mass flow of a concen-
trated solution (1), etc. 
Sugar Gradients in Maize 
Some 300 samples of leaves, midribs, leaf sheaths, stalks, roots, and 
ear shanks of the maize plant, selected to show concentration gradients of 
sugars at various stages in the development of the plant, have been ana-
lyzed by the author and his assistants2• These analyses have shown that 
concentration on a diffusion gradient is concerned. Evidence that the 
2 Especial credit is due Mr. Kenneth Burnett and Mr. C. G. Barr, without whose 
assistance these analyses could not have been completed. 
All analyses were made with samples rapidly killed in boiling alcohol. Sugars 
were extracted with 80 per cent alcohol and cleared with neutral lead acetate. Sucrose 
was inverted with invertase and calculated as invert sugar and sucrose. Levulose was 
determined by Jackson's modification of Osts' copper carbonate method and glucose 
by difference of levulose and reducing sugars. 
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sucrose is the principal sugar of the leaves of maize and of the older stem. 
Sucrose accumulates rapidly in the leaves on a bright day and disappears 
at night, whereas hexose sugars, glucose and fructose, show a much 
smaller diurnal variation. The hexoses are relatively high in the young 
stalk and decrease slightly with age, but the sucrose content of the stalk 
reaches a maximum at or shortly before maturity, and shows a diurnal 
fluctuation which lags approximately two hours behind the sucrose curve 
of the leaves. 
Sugar concentration gradients in maize sampled at 4 p. m. in the 
late silking stage are shown in figure 4. Glucose showed a positive gradi-
ent from mid-ribs to leaf sheaths and sucrose was positive from sheaths 
to stalks. All other gradients are negative and indicate that the total 
sugar contents of the various tissues through which the sugar was pre-
sumably moving were successively higher rather than lower. Our analy-
ses were necessarily made on the entire tissues, of which the conducting 
cells constitute only a small fraction. If, however, the living cells of the 
plant are connected by plasmodesms as the work of Martin (13) and 
others indicates, there should not be a marked lag between the time 
changes in the sugar content of the phloem and of the adjoining, directly 
connected parenchyma, unless some factor other than equalization of 
sugar content of the bulk tissues did vary with translocation is given in 
the stem sucrose curve of figure 3 and in the stem and ear shank sucrose 
values in figures 5 and 6. The stem sucrose content shown in figure 3 
increased more than 200 per cent between 8 a. m. and 6 p. m., even though 
the entire stalk, including the pith and rind as well as the vascular 
bundles, was used for the analyses. 
The data from a series of analyses made in the glaze stage when trans-
location should have been at its maximum, are shown in figure 5. The 
reducing sugar gradients are the same as those in figure 4, both steeply 
negative. There is no possible question regarding the sucrose gradient 
at this stage. It is negative and more strongly so in the early morning 
when translocation should have struck a balance for the day. The in-
crease of sucrose in the leaf during the day is, of course, due to photo-
synthesis; the decrease of sucrose in the ear shank at the same time was 
found only in this experiment and is explained on a basis of temperature. 
The night of this run was abnormally cool with temperatures below the 
minimum for growth in maize (7), and apparently the utilization of suc-
rose within the ear was slowed down at night and speeded up on the 
bright, :warm day. If temp~ture is ta~eE as a :erimary factor in the night 
time accumulation of sucrose in tlie ear shank, we mu& assume that 
tr;nsloCafumTs less rapidly affected by low temperatures than utilization 
and storage. CurtiS (2) has Sh0Wn that translocation is sharply inhibited 
in Phaseolus at 5° C. The air temperature had dropped to 8.0° C. at 4 
a. m. and reached 27.0° C. at 4 p. m. on the day on which these samples 
were collected. At 10 a. m . the air temperature was 23.5° C. and the sugar 
content of the ear internode had dropped nearly 20 per cent below its 
4 a. m. value, whereas the sugar concentration of the ear shank was 
maintained. At 4 p. m. the sugar content of both tissues dropped sharply 
and by 10 p. m. it had risen to the high value of the day, wtih an air tem-
perature of 14.0° C. 
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Fig. 5. Sugar gradients in maize plants with well developed ears, sampled August 20, 
1934. 
All gradients, except those to the base of the stalks, are strongly negative. Sucrose 
again shows the more pronounced diurnal fluctuations, complicated in this case 
by the low night temperature of August 19-20. 
The Effect of Defruiting 
Maske! and Mason (11) found that gross analyses of the bark of cot-
ton gave uniformly negative gradients of organic nitrogenous materials 
between the upper and lower parts of the plant. By reversing the direc-
tion of translocation they showed that the translocation gradient was 
actually positive but had been obscured by the accumulation of non-mov-
ing, nitrogenous compounds in the older bark of the lower stem. Maize 
does not lend itself to manipulations of the type used with cotton, but it 
was possible to stop translocation to the ear by removing this organ. 
Analyses on defruited stalks are shown in figure 6. These samples 
were taken from adjoining rows at the same time (August 30, 1933) as 
the material used for the data of figure 5. Removing the ear stopped the 
day time drop in the sucrose content of the middle stem, which we take 
as support of the view that this drop was caused by increased growth and 
storage in the ear under the influence of higher temperatures. The in-
teresting point in the gradients now becomes the sample from the base of 
the stalk. Early in the present paper we pointed out that defruited plants 
showed a superior root growth while the roots of fruiting plants showed 
evidences of a deficient supply of organic foods. Certainly the removal 
of the ear should be expected to increase the movement of sugars from 
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the central to the basal region 
of the stalk. A glance at figures 
5 and 6 will show that if this in-
creased translocation occurred, 
it resulted in the building up of 
a negative sucrose gradient 
within the stalk. There was a 
strong positive gradient down 
the normal stalks in which a 
m i n i m u m of translocation 
would have been expected, and 
a negative gradient down the 
defruited stalk in which trans-
location should have been pro-
ceeding at a maximum rate. 
The sharp diurnal fluctuation 
in the sucrose content of the 
base of the normal stalk (fig. 5) 
may indicate that sucrose was 
moved down the stalk with the 
high positive gradient built up 
on the cool night, and back to 
the ear along a polarized gradi-
ent, such as apparently was 
present between the leaves and 
the ear, when the sucrose con-
. tent of the ear shank dropped 
with the higher day time tem-
perature. Complete analyses 
are not available to show that 
this sugar did not move into the 
roots, but their generally poor 
condition suggested that it did not. 
ct.~vt5~~~~~~~~M,=oo~c<~~~~=.,.,=<-='oF 
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Fig. 6. Sugar gradients in defruited maize 
plants sampled August 20, 1934. 
The negative sucrose gradient extends to 
the base of the stalk in defruited plants, 
and the day time drop at the middle of 
the stalk, shown in figure 5 and as-
signed to increased growth and storage 
in the ear with higher temperature, is 
not present. 
DISCUSSION AND SUMMARY 
1. When 25 per cent of the leaves of silking maize were left at the 
base of the plant, the grain yield was less than one-third that of plants 
with the same leaf area at the top of the stalks. The difference was due 
to a larger number of developing fruits on the plants with leaves above 
the ear node. After fertilization and the initiation of rapid translocation 
toward the ear, the lower leaves were equally as effective as the upper. 
These results are considered to indicate that the foods elaborated by the 
lower leaves move downward in the young plant, but that this current is 
reversed after fertilization when the ear dominates the food supply of the 
plant; a dominance which leads in extreme cases to premature death of 
the roots through starvation alone or more commonly with complicating, 
weakly parasitic diseases. The effect of the developing fruits upon the 
translocation mechanism could be transmitted mechanically from cell to 
cell in the phloem, increased activity in one cell with increased and re-
versed rate of movement affecting directly and successively the metabol-
ism of the adjoining translocating cells; the stimulus could be transmitted 
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electrically after the scheme of Lund (10), from its origin in the acceler-
ated metabolism of the developing embryos, or it might depend upon the 
backward movement of a chemical substance of the nature of a hormone. 
Present evidence does not justify a choice among these hypotheses, al-
though a metabolic stimulus, electrically transmitted, would appear to 
satisfy the conditions of the reversal of polarity apparently involved. 
2. Translocation rates in maize probably reach a daily peak between 
2 p. m. and 6 p. m. and drop to a low rate by 10 p. m. Temperature, through 
its effect upon growth and possibly through a direct effect upon the ac-
tivity of the phloem, seems to be an important factor in determining maxi-
mum rates. In many of our experiments the sugar content of both the 
leaves and stem of maize reached a minimum value at about 8 a. m., sug-
gesting that the higher morning temperatures accelerated the transloca-
tion and utilization of these substances to a point above the early photo-
synthesis rates. 
3. The polarity of translocation in the maize plant appears to be a 
positive force not explainable by any theories of translocation yet ad-
vanced. At the time when the ear was gaining most rapidly in weight it 
showed the strongest negative gradient for both the reducing sugars and 
sucrose. Starving corn roots showed positive translocation gradients; that 
is, the sugar content of the roots was lower than that of the central stalk, 
but the well-nourished roots of defruited plants showed negative gradients. 
During the period of most rapid translocation, the gradients of total sugar 
and of all sugar fractions were negative for each tissue between the leaf _ 
blade and the cob of the young ear. The positive action of translocation 
resulted in the piling up of sucrose in the ear shank at night to a value 
more than five times that of the leaves. Neither mass flow nor any ac-
celeration of movement along a positive translocation gradient can . be 
used to explain such results, and an hypothesis of positive, polarized ac-
tion within the phloem is suggested. 
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The effects of different rates of planting upon yield of corn have been 
investigated by many workers but the effect of such planting upon rate 
of growth and development of different parts of the individual plants 
have not been carefully studied. It is the purpose of this paper to present 
data which show the extent to which rate of planting may modify the 
development of various vegetative parts of the plant: This work was 
conducted in 1932 on a private farm near the campus of Iowa State 
College, by the Botany and Plant Pathology Section of the Iowa Agricul-
tural Experiment Station. 
In these experiments the kernels were planted thickly enough to 
permit the thinning of each plot to a definite number of plants per hill 
when the plants were permanently established, or about three weeks 
old. They were then thinned to one, three, or five plants per hill. For the 
sake of convenience plots planted at the rate of five plants per hill will 
be designated as five's, plots with three plants per hill as three's, and 
those with one plant per hill as one's. 
Leaf area, plant height, basal area of the stalks, and dry weight of the 
plants were determined at weekly intervals from the middle of June to 
the end of the growing season. Leaf area was determined by multiplying 
the product of the length and width of the leaf by 0.75. All the leaves 
of several plants were measured and the average leaf area per plant was 
determined. Plant height was taken as the distance from the ground to 
the tip of the highest out-stretched leaf. The basal area of the stalk was 
determined by measuring the larger and lesser diameters of the first 
internode above the ground level. These measurements were made with 
calipers and the product of the two diameters by 3.1416 was considered 
to be the basal area. In order to obtain dry weight, representative plants, 
without roots, were brought into the laboratory and dried. The moisture 
content of the larger stalks was reduced by cutting the weighed stalks 
into thin strips and placing in the sun under greenhouse glass. After 24 
hours the plants were sufficiently dry to permit drying to a constant 
weight in an electric oven. 
EXPERIMENTAL RESULTS 
There was no appreciable difference in leaf area of plants in the 
different rates of planting prior to June 21. On June 21 an average plant 
in hills planted at the rate of one, three, and five plants per hill had de-
veloped respectively 1,061, 1,042, and 1,004 square centimeters of leaf area. 
By the fifth of July, plants from the same rates of planting showed 4,769, 
3,684, and 3,277 square centimeters of leaf area. Or in other words, 
1 Journal Paper No. J223 of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project No. 89. 
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there was 32 per cent less leaf area per plant in the five's than in the 
one's, and 24 per cent less in the three's than in the one's. 
· The maximum leaf area, per plant, in the one's, three's and five's was 
8,900, 7,908, and 6,573 square centimeters. In the five's the maximum 
leaf area was reached on July 25; in the three's on August 8; and in the 
one's on August 15. After the 25th of July firing of the lower leaves in 
Dat.e 
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TABLE 1. Leaf area per plant in square centimeters 
Number of plants per hill 
One Three Five 
1061 1042 1004 
4334 2848 2198 
4769 3648 3277 
7101 6102 4572 
7369 5964 5629 
7199 6863 6573 
8639 7152 5010 
8740 7908 5901 
8900 6880 5333 
8240 6689 5026 
6683 5518 4447 
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Fig. 1. Comparison of the average leaf area of plants grown in different rates 
of planting in 1932. 
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the five's was more rapid than was the formation of new leaf area by 
elongation. The actual leaf area at weekly intervals is shown in table 1. 
Figure 1 graphically presents a comparison of the average leaf area of 
plants grown in different rates of planting. 
INCREASE IN HEIGHT 
Height of the plants does not seem to be appreciably affected by 
rate of planting. On June 21 the plants in the one's, three's, and five's 
averaged 83, 85, and 92 centimeters in height. Since the leaf area per 
plant at this time is about the same regardless of rate of planting, the 
slightly greater height in the thicker rates is probably a response to 
crowding. By the time the plants had reached their maximum height, 
or about August 10, there was almost no difference in height of the 
plants in the three rates of planting. This result is shown more clearly 
in table 2. 
TABLE 2. Height of plants in centimeters 
Number of plants per hill 
Date One Three Five 
June 22 83 85 92 
June 29 122 124 130 
July 6 158 154 161 
July 13 203 189 198 
July 20 241 240 249 
July 27 269 267 265 
August 3 270 268 264 
August 10 274 263 272 
BASAL AREA OF STALKS 
One of the outstanding differences in the development of the plants 
with varying rates of planting was shown in basal area of the stalk at the 
ground level. As early as the middle of June when the plants were about 
one month old, the basal area per plant in the five's was only about 60 
per cent as great as that in the one's. At this time there was no appreciable 
difference in either leaf area or height. By the time the maximum diameter 
was reached the stalks in the five's were only 45 per cent as large as those 
in the one's. Data showing the development of the basal area of the 
stalks are given in table 3. 
TABLE 3. Basal area of average stalks in square centimeters 
Number of plants per hill 
Date One Three Five 
June 22 3.08 2.36 1.95 
June 29 7.82 4.49 3.42 
July 6 9.49 6.09 4.12 
July 13 9.30 5.50 3.77 
July 20 8.70 5.50 3.77 
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An attempt to account for this wide variation in the cross-sectional 
area of the stalks is beyond the scope of this paper. However, it is inter-
esting to note that since the stalks in the five's were much smaller than 
in the one's they would be weaker and might break over more easily in a 
heavy wind. 
INCREASE IN DRY WEIGHT 
A plant grown at the rate of five plants per hill weighed slightly more 
on the 22nd of June than a plant grown singly in the hill. By July 5 a 
plant from the five's weighed less than half as much as a plant from the 
one's. This reversal occurred three weeks before the maximum leaf 
area was reached in the five's. By the first of September a plant from 
the five's weighed only about one-third as much as an average plant from 
the one's. The total weight of all the plants in the three's was about twice 
that of a single plant in the one's. An average hill from the five's weighed 
only a very little more than did an average hill from the three's. There 
was a close correlation between the dry weight and the basal area of the 
stalks. 
Date 
June 22 
June 29 
July 5 
July 12 
July 19 
July 25 
August 1 
August 8 
August 15 
August 22 
August 29 
TABLE 4. Dry weight of single plants, without roots 
, _____ ___ N_u_m_be_r_o~f plants per hill 
One Three 
9.7 
37.0 
101.7 
210.0 
270.0 
399.0 
535.0 
563.0 
728.0 
618.0 
762.0 
10.4 
40.2 
70.2 
162.0 
156.0 
290.0 
303.0 
366.0 
298.0 
350.0 
461.0 
Five 
15.1 
24.4 
47.5 
74.0 
109.0 
179.0 
132.0 
180.0 
222.0 
219.0 
267.0 
Early in the season while the plants were small, it was possible to 
obtain the dry weight of several plants from each rate of planting. As 
the plants increased in size, drying facilities became inadequate and fewer 
plants were collected at each date. Variation in these small samples 
accounts for the irregularities in dry weight of the larger plants as 
shown in table 4. 
Figure 2 shows, in graphic form, the material presented in table 4. 
This figure shows that when the dry weight is plotted an autocatalytic 
reaction curve results. The slope of the curve decreases as the planting 
rate is increased. 
YIELD AND SIZE OF EARS 
The length of the ear seems to be appreciably reduced by thicker 
planting, but the diameter of the ears is not so markedly affected. The 
dry weight of the ears increased in much the same manner as did the dry 
weight of the stalks, except that the ears were less mature in the thicker 
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Fig. 2. Increase in dry weight of single plants from three rates of planting during 1932. 
planting rates at any one date, because the silks developed more slowly 
as rate of planting increased. The data in table 5 show yield, number of 
ears per 100 hills, number of "nubbins" (ears less than 15 centimeters 
long) per 100 hills, and the average length and diameter of the ears, 
collected at harvest in October. 
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TABLE 5. Comparison of yield, number and size of ears as modified by rate of 
planting 
Plants Number of ears per Average Average 
per Yield 100 hills length diameter 
hill (bu.) Total ears "Nubbins" centimeters centimeters 
One 45.5 141 17 20.l 4.98 
Three 72.5 265 23 18.9 4.85 
Five 60.5 359 152 14.9 4.42 
The largest yield was obtained from the plots containing three plants 
per hill, and the smallest where only one plant was left in a hill. These 
figures agree closely with the figures showing dry weight of the stalks. 
In the one's every stalk produced one large ear, and half of them produced 
two ears. In the three's not every plant produced even one ear, and in 
the five's less than 75 per cent of the plants produced an ear and almost 
half of these were "nubbins." 
SUMMARY 
The growth rate of corn plants is modified by rate of planting. 
An average plant in the five's contained 30 per cent less leaf area by the 
first of July than one planted singly in the hill. Maximum leaf area was 
reached at a much later date in thinner planting rates because of the 
firing of the lower leaves of plants in the thicker rates which began as 
early as the middle of July. Rate of planting did not modify significantly 
the height of plants. 
The basal area of stalks in the five's on the 22nd of June was only 
60 per cent as great as that of plants in the one's. When maximum size 
was reached the basal area of a stalk from the five's was less than 50 
per cent as great as that of the one's. 
The dry weight of all plants per hill in the five's was no greater than 
that of all the plants per hill in the three's and only about twice as much 
as that of a single plant in the one's. 
Every stalk in the one's produced a large ear, and about half of them 
produced two ears. Not every plant in the three's produced an ear and 
ears were formed on less than 75 per cent of the plants in the five's. 
The number of "nubbins" increased with increased rate of planting. 
RELATION OF RATE OF PLANTING TO THE EFFECT OF CORN 
SEED TREATMENT 1 
CHAS. s. REDDY 
From the Botany and Plant Pathology Section, Iowa Agricultural Experiment Station 
Accepted for publication November 16, 1934 
Preceding 1923 the major aim of corn seed treatment experiments 
was to find a fungicide effective in the control of seed-borne diseases, 
which did not depress the yields of extra good seed. After this was ac-
complished, attention was directed principally to the testing of numerous 
satisfactory fungicides in order to single out the superior ones and to 
determine the proper concentrations of toxic agents. In these earlier 
tests border effect and rate of planting were not always adequately 
checked. In 1930 Kiesselbach (3) presented data showing that seed 
treatment was of little or no value under Nebraska conditions when 
border effects were eliminated. Clayton (1) and Kiesselbach (3) believe 
the value of seed treatment is confined to the effects produced by changes 
in field stands. If the value of seed treatment is merely a matter of in-
creasing the stand then the investigator dealing mainly with stands 
greater than necessary for maximum production should obtain results 
showing seed treatment to be depressing to yields, while identical 
experiments, except that they were conducted under conditions where 
the same stands would be less than necessary for maximum production, 
should present results exactly opposite, namely benefits from seed treat-
ments. This led to the initiation of experiments in 1930 designed to throw 
light on the influence of stand on the effects of seed treatment. 
MATERIALS AND METHODS 
Commercial dust seed treatments were used at the rate of two ounces 
per bushel. All experiments were conducted at Ames, Iowa. Harper's 
strain of Reid's yellow dent corn was used. This strain germinates 
relatively fast in cold soils and is only moderately susceptible to seedling 
injury by the dry-rot organisms. Good and poor seed lots were selected. 
The good seed lots were as nearly disease-free as could be obtained by 
germinator ear testing and are designated "nearly disease-free" in these 
experiments. The diseased seed lots were moderately infected (at least 
25 per cent of the kernels) and are designated "Diplodia-infected," "Basis-
porium-infected," and "Gibberella-infected," as the case may be. The 
spacing was three and one-third feet between rows and between hills in 
the row, approximately four thousand (3920) hills per acre. The field 
tests included natural and controlled stands. Natural stands were ob-
tained by planting by hand at the rates decided, namely 2, 3, 4 and 5 ker-
nels per hill. Controlled stands were obtained by planting in excess of the 
rates named and thinning with putty knives to the desired rates when the 
plants were about five inches in height. 
1 Journal Paper No. J221 of the Iowa Agricultural Experiment Station, Ames, 
Iowa. Project No. 94. 
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The plantings were systematic in order, using four-row plots each 
row 12 hills long and harvesting the two middle rows to eliminate border 
effects. Each replication consisted of five plots, the first two, paired not 
treated and treated seed in natural stand, the second two in controlled 
stand (thinned to stand) and the fifth plot in the replication was a soil 
check which was always planted at the same rate (three kernels per hill) 
and with nearly disease-free seed. Therefore, each replication consisted 
of 20, 12-hill rows and five replications made a range 100 rows long and 
12 hills wide. When this was the first range in an experiment it was planted 
at the rate of two kernels per hill except the soil check plots which were 
always planted at the rate of three kernels per hill. The next range along-
side was planted at the three-kernel rate, the third range at the four-
kernel rate, and the fourth range at the five kernel rate. One type of 
seed was used in this block 100x48 hills, for example "nearly disease-free." 
Another type was used in a similar block, for example "Diplodia-infected." 
As many blocks were used as there were types of seed to be tested. 
The outline of the experiment so far is for five replications of all com-
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Fig. 1. Relation of field stands (number plants per acre) to acre yields of ear com, 
1930 to 1934. 
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parisons. Often the five replications were increased to ten by duplicating 
the outlined plan. The number of replications are shown in the tables. 
This experiment was conducted for five years, 1930 to 1934, and the results 
are presented in this paper. 
RELATION OF FIELD STANDS TO YIELDS 1930-1934 
Field stands were determined by counts when the plants were five 
to six inches in height and at the same time the plots dealing with con-
troled stands were thinned to the desired stands. This was past the usual 
seedling blight stage and it was noted that little change in stand occurred 
after this time. 
Stands and yields seemed closely correlated in nearly-disease-free 
and diseased seed lots so all the comparisons were used in the curve 
depicting the relation of field stands to yields. The number of comparisons 
making up the curve for any year varied from 48 to 84 depending on 
whether each pair was a mean of five or ten replications. These results 
are shown graphically in figure 1. 
Figure 1 shows that the most productive stand varied with the 
season being as low as 7000 plants per acre (one and three-fourths plants 
per hill) in 1930 and as high as 13,000 (three and one-fourth plants per 
hill) in 1933. The plots were not on the same land each year, but they 
were on the same farm and on land of about the same fertility. In three 
of the five years the small amount of moisture was a very important factor 
in yields. For the purposes of this paper it is sufficient to point out that in 
each year increase in stand was followed by increase in yield up to the 
most productive stand. Beyond this point an increase in stand was 
followed by a decrease in yield. If seed treatment affects only the stand 
then all significant yield increases in this experiment in any year should 
be in stands less than the most productive one and significant effects, 
if any, beyond the most productive stand should be decreases. 
YIELD DATA 
Because the usual size of the experiment was as large as eight acres, 
it was thought that a soil check in each replication would help in the 
interpretation of the data. Systematic differences in productiveness of 
ranges were corrected by this means. The important point to be remem-
bered is that all comparisons of results from not treated and treated seed 
are from pairs located side by side in the experiment so that, whenever 
correction was made, both members of the pair were multiplied by the 
same ratio and, therefore, continued to hold the same relationship to 
each other. 
Table 1 presents the stand and yield data for each of the five years. 
Table 2 summarizes table 1 by presenting the differences in yields follow-
ing seed treatment. 
In interpreting the data in table 2, those dealing with nearly disease-
free seed corn can apparently be eliminated with the statement, similar 
to those made in the past (2, 4, 5, 6) , that this type of seed was neither 
benefited nor injured by seed treatment. Only under adverse growing 
conditions (cold, wet weather) , shortly following planting, would any 
benefit be expected. Plantings were made at regular corn planting time 
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TABLE 1. Feild stands and yields from not treated and treated Yellow Dent seed corn, 
ten relications, Ames, Iowa 
No. 
ker-
nels Natural stand Controlled stand 
Seed per Not treated Treated Not treated Treated 
corn hill Stand Yield Stand Yield Stand Yield Stand Yield 
Nearly 2 6830 40.0 7010 40.9 7510 42.3 7200 40.4 disease- 3 10350 36.2 10020 37.6 11550 36.3 11480 38.6 free 4 13780 32.1 13800 33.3 15320 30.1 15380 31.7 
5 17460 32.1 17500 32.3 18580 28.6 18980 32.3 
Diplodia- 2 4935 33.8 5780 40.4 6870 40.5 7340 43.2 
infected 3 6555 34.3 7820 37.3 10610 40.2 10920 39.2 
4 9640 36.6 11630 40.0 14050 34.8 15100 32.8 
5 11620 34.7 14380 38.9 17140 36.9 18380 33.5 
Basispor- 2 5630 37.4 6380 42.6 6970 42.4 7170 41.2 
ium in- 3 8150 42.6 8640 40.2 10440 37.4 11000 39.8 
fected 4 11500 39.1 12380 34.3 14220 32.8 14930 32.9 
5 13980 38.5 15850 33.9 18400 34.2 18600 34.2 
Gibber- 2 6300 35.0 6910 39.7 7300 40.1 7650 41.2 
ella in- 3 8280 34.4 9920 36.7 10450 38.9 11180 37.6 
fected 4 12720 32.9 13760 34.3 14770 31.7 15380 31.4 
5 15740 31.2 17050 32.1 18510 39.0 18840 38.6 
Diplodia- 2 4375 32.2 5310 38.8 7595 46.4 7690 49.0 
infected 3 6940 41.8 8780 45.8 11070 47.8 11600 52.0 
4 8920 45.0 11330 47.9 15070 44.8 15560 40.9 
5 10090 47.2 13930 51.0 18250 41.9 19200 40.6 
Gibber- 2 6010 41.1 6120 43.3 7400 48.1 7350 46.7 
ella in- 3 8960 52.1 9500 53.3 11500 53.8 11690 48.8 
fected 4 12900 45.6 12600 46.1 15440 41.5 15280 45.5 
5 15590 41.5 15780 45.7 19400 42.8 19270 42.7 
Nearly 2 6875 48.1 6695 49.0 7760 53.5 7560 51.7 
disease- 3 10280 52.8 10075 54.8 11430 52.2 11300 53.0 
free 4 13880 43.3 13500 44.2 15330 43.9 15090 43.2 
5 16890 42.1 17080 45.5 18850 43.2 18850 42.8 
Diplodia- 2 6277 55.5 6800 57.8 7966 67.6 8000 66.6 
infected• 3 9500 66.9 10400 75.3 11933 79.4 11900 77.5 
4 12267 65.4 13783 68.4 16000 70.4 16000 68.7 
5 15267 60.1 17867 59.4 19933 65.7 20000 59.0 
Basispor- 2 6883 63.3 7016 65.3 7883 68.5 7983 71.2 
ium in- 3 10167 73.2 10833 75.2 11900 76.2 11967 77.9 
fected 4 13983 73.1 14616 72.9 15950 74.9 15983 73.7 
5 17217 68.1 17583 62.4 19817 66.1 19933 62.3 
Nearly 2 6767 57.2 6866 58.6 7900 64.6 7950 64.2 
disease- 3 10383 71.1 10517 74.3 11967 79.8 11867 77.4 
free 4 14016 68.0 14433 65.9 15483 68.9 15850 66.5 
5 17783 67.9 18350 62.9 19600 65.5 20000 62.2 
• 
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TABLE 1. Continued 
No. 
ker-
nels Natural stand Controlled stand 
Seed per Not treated Treated Not treated Treated 
corn hill Stand Yield Stand Yield Stand Yield Stand Yield 
Basispor- 2 5827 43.3 6640 47.9 6640 49.4 6910 52.7 
ium-in- 3 9205 60.6 9777 65.3 9550 62.4 9950 64.5 
fected 4 11640 63.8 13100 74.2 12700 72.2 12240 69.2 
5 14470 63.8 15430 68.7 16210 69.5 16900 72.4 
Diplodia- 2 5010 43.1 5655 48.2 6990 59.8 6940 60.2 
infected 3 8400 62.6 8910 66.0 10220 70.4 10000 69.7 
4 11040 63.0 11500 60.6 13580 64.5 13580 65.1 
5 13520 63.6 14810 64.5 16880 64.7 17100 63.8 
Nearly 2 4520 52.7 4350 49.2 6025 63.8 5630 62.8 
disease- 3 6800 70.2 7140 69.0 8820 72.6 8890 74.7 
free 4 8890 75.9 8870 72.0 12640 72.9 12480 71.6 
5 10880 74.8 11230 71.8 15500 74.4 15650 71.6 
Diplodia- 2 3300 13.3 4716 17.4 5083 17.4 5083 20.6 
infected 3 5200 16.5 7117 20.4 7633 18.5 7633 21.2 
4 7367 15.9* 11267 24.2* 10400 21.4* 10400 20.8• 
5 8533 17.4* 13430 24.4* 11917 22.5• 11917 19.7* 
Basispor- 2 5467 17.6 4433 18.2 4933 17.5 4933 20.3 
ium-in- 3 7683 21.l 7883 23.8 8616 22.6 8616 25.2 
fected 4 10900 27.4* 10467 25.9* 11167 22.0 11167 21.1 
5 13067 25.9* 16333 29.5* 13150 21.1 13150 19.5 
Nearly 2 5433 20.2 5067 20.2 5817 20.9 5817 23.0 
disease- 3 7500 26.3 9783 31.0 9350 26.l 9350 27.9 
free 4 9100 22.2 11800 25.9 10645 22.7 10645 24.5 
5 11283 16.9 15283 17.7 13621 16.3 13621 18.0 
• Only five replications. 
•• Due to drought at planting time such poor stands were obtained that stands 
could not be controlled to the desired rates and, therefore, were thinned to equal that 
of the poorer plot in each pair. 
and, in these five years were not followed by adverse conditions unless 
the extreme drought of 1934 be considered as such. Germination of seed 
corn was delayed in 1934 by lack of moisture and under these conditions 
the eight comparisons each have an average of ten replications, show 
seven increases following seed treatment of nearly disease-free seed and 
no decreases (fig. 2). These results indicate that any condition militating 
against rapid germination gives greater opportunity for benefit from seed 
treatment. 
The most striking results shown in table 2 are those with Diplodia-
infected seed. The experiments dealing with natural stands resulted 
in 18 yield increases in 20 trials, while those dealing with controlled 
stands resulted in only seven yield increases in 20 trials. The contrast 
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Fig. 2. Effect of seed treatment on acre yields from nearly disease-free seed corn 
planted at rates 2 to 5 kernels per hill or thinned to 2 to 5 plants per hill (controlled 
stands), 1934. 
is even greater when only the thicker rates of planting (fours and fives) 
are considered. Two out of ten trials show yield decreases in the natural 
stands, but nine out of the ten show decreases in the controlled stand. 
The natural interpretation, if only the data dealing with controlled 
stands were at hand, would be injury by the treatment. In this case the 
decreases in yields could not be caused by excessively thick field stands 
because the stands, from treated and not treated seed were made equal 
by hand thinning. 
If the seed treatment was injurious to Diplodia-infected seed, it 
should have the same effect under conditions where increases in stand 
would not cause increases in yield. But, under natural stand conditions, 
there were average increases of three bushels per acre in the high rates 
of planting (fours and fives) table 2 and fig. 3. 
If other reasons, besides injury by seed treatment, are to be sought 
as an explanation of the results of experiments with controlled stands 
of Diplodia-infected seed, they must be connected with methods of con-
trolling the stands. An excess of kernels was planted and the excess 
was larger in the case of Diplodia-infected seed than other types because 
even viable Diplodia-infected seed often does not emerge unless treated. 
As was previously stated, about 25 per cent of the kernels in this type 
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TABLE 2. Summary of the data in table 1 
Increases in bushels Mean 
per acre increase 
Seed No. per-
Stand corn Year rep. Twos Threes Fours Fives bu. centage 
Natural Diplodia- 1930 10 6.6 3.0 3.4 4.2 4.3 12.3 
" infected 1931 10 6.6 4.0 2.9 3.8 4.3 10.4 
" 1932 101 2.3 8.4 3.0 -0.7 3.3 5.2 
" 1933 6 5.1 3.4 -2.4 0.9 1.8 3.0 
" 1934 10 4.1 3.9 8.3 7.0 5.8 36.9 
Ave. 4.9•• 4.5•• 3.0 3.0 
" Basisor- 1930 10 5.2 -2.4 -4.8 -4.6 -1.7 -4.2 
" ium in- 1932 10 2.0 2.0 -0.2 -5.7 -0.5 -0.7 
" fected 1933 6 4.6 4.7 10.4 4.9 6.2 10.6 
" 1934 10' 0.6 2.7 -1.5 3.6 1.4 5.9 
Ave. 2.5 1.4 0.8 -0.4 
" Nearly 1930 10 0.9 1.4 1.2 0.2 0.9 2.6 
" diseas- 1931 10 0.8 2.0 0.9 3.4 1.8 3.8 
" free 1932 10 1.4 3.2 -2.1 -5.0 -0.6 -0.9 
" 1933 6 -3.5 -1.2 -3.9 -3.0 -2.9 -4.2 
" 1934 10 0.0 4.7 3.7 0.8 2.3 10.7 
Ave. -0.l 2.1 0.0 -0.5 
Con- Diplodia- 1930 10 2.7 -1.0 -2.0 -3.4 -0.9 -2.4 
trolled infected 1931 10 2.6 4.2 -3.9 -1.3 0.4 0.9 
" 1932 101 -1.0 -1.9 -1.7 -6.7 -2.8 -4.0 
" 1933 6 0.4 -0.7 0.6 -0.9 -0.2 0.2 
" 1934 10 3.2 2.7 -0.6 -2.8 0.6 3.1 
Ave. 1.4 0.7 -1.5 -3.0* 
" Basispor- 1930 10 -1.2 2.4 0.1 0.0 0.3 0.9 
" ium-in- 1932 10 2.7 1.7 -1.2 -3.8 -0.2 -0.2 
" fected 1933 6 3.3 2.1 -3.0 2.9 1.3 2.1 
" 1934 10 2.8 2.6 -0.9 -1.6 0.7 3.5 
Ave. 1.5 1.8 -1.0 -0.5 
" Nearly 1930 10 -1.9 2.3 1.6 3.7 1.4 4.2 ,, disease- 1931 10 -1.8 0.8 -0.7 -0.4 -0.5 -1.1 
" free 1932 10 -0.4 -2.4 -2.4 -3.3 -2.1 -3.0 
" 1933 6 - 1.0 2.1 - 1.3 -2.8 -0.8 -1.1 
" 1934 10 2.1 1.8 1.8 1.7 1.9 8.6 
Ave. -0.6 0.9 -0.2 -0.2 
1 10 replications of rates two and four and five replications of rates three and five. 
•Five replications of rates four and five. 
• = 2.776-significant-computations on data from Diplodia-infected seed only. 
•• = 4.604-very significant. 
of seed was infected and viable. Therefore, a higher percentage of the 
plants at thinning time would be from disease-free seed in the plots with 
untreated seed than in the plots with treated seed and after thinning the 
same thing would be true. In these equal stands, we would be testing 
plants from not treated almost disease-free seed against plants from 
treated seed, one-fourth of which was infected with Diplodia zeae. Un-
54~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Fig. 3. Acre yields from treated and not treated Diplodia-infected seed corn planted 
at four rates, 1930-1934. 
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Fig. 3. (Continued) 
published data 2 indicate more Diplodia crown infection in plots from 
treated Diplodia-infected seed than from not treated Diplodia-infected 
seed when the readings were made after maturity of the corn. 
A more apparent criticism of the technic is the fact that there were 
more plants to be thinned out of the treated hills than out of the hills 
from not treated seed, and, therefore, more chance for injuring the 
•Iowa Purnell project 93. Study of Diplodia dry rot of corn, I. E. Melhus and 
George L. McNew. 
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remaining plants in the hill. As a matter of fact the hills from not treated 
seed were often not disturbed at all because they contained the correct 
number or less of the plants desired. 
In seed treatment experiments, cases of injury are usually interpreted 
from the performance of nearly disease-free seed. In this case, however, 
less thinning was required in the nearly disease-free plots because a 
smaller excess of seed was planted and, therefore, less injury was caused. 
Also favorable conditions followed planting four years out of the five 
so that nearly an equal number of plants emerged from the not treated 
and the treated seed. 
Therefore, whatever injury resulted from thinning the plots planted 
with nearly disease-free seed, the injury was equal in the plots that were 
to be compared with each other. Since the question involved, as will be 
shown later, can be answered with the data on natural stands, the data 
dealing with controlled stand will not receive further consideration. 
EFFECTS OF SEED TREATMENT BELOW AND ABOVE THE MOST PRODUCTIVE 
STAND 
The relation of field stands to yields of corn have been shown in 
figure 1. The relationship appears simple in that, starting with low 
stands, the stands and yields are positively correlated up to a certain 
point but beyond this point of most productive stand, the stands and 
yields are negatively correlated, the higher the stands, the lower the 
yields. The most outstanding effect of a good seed treatment is to increase 
the field stands from diseased seed. But an increase in stand, in itself, 
we have just shown, may increase or decrease yields depending on 
whether or not the increase is in a field stand (1) less than or (2) more 
than the most productive one. Therefore, to find out, for Iowa conditions, 
TABLE 3. Acre yields of treated and not treated plots with natural stands 
Paired Not 
exp. treated Treated Increase 
Stand Seed corn no. bu. bu. bu. percentage 
Lower than the Diplodia 17 49.9 53.8 4.4 8.8 .. 
most productive Basisporiwn 12 46.3 49.6 3.3 1.1•• 
ones Gibberella 3 42.7 45.4 2.7 6.3 
Nearly dis-
ease-free 17 47.0 48.l 1.1 2.3 
Higher than the Diplodia 7 53.3 55.8 2.5 4.7• 
most productive Basisporiwn 8 45.5 44.2 -1.3 -2.9 
ones Gibberella 5 37.1 39.0 1.9 5.1• 
Nearly dis-
ease-free 11 45.6 44.9 --0.7 -1.5 
•Significant. 
•• Very significant. 
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whether or not the effect of seed treatment is confined to its effect on 
stand, it is only necessary to assemble the data for these five years with 
reference to the most productive stand in each year. In general the 
data should show yield increases from diseased seed where stands were 
lower than the most productive and yield decreases where stands were 
higher than the most productive. These data are presented in table 3. 
The data in table 3 do show yield increases where stands were lower 
than the most productive but the data do not show significant decreases 
where stands were higher than the most productive. On the contrary, 
significant increases are shown for two of the three types of diseased 
seed used which strongly indicate that the effect of corn seed treatment 
was not confined to its effect on field stands. It would seem, therefore, 
that seed treatment inhibited or delayed the action of the seed-borne 
parasite so that more corn was produced on a plant from treated diseased 
seed than on one from diseased seed not treated. 
SUMMARY 
Seed treatment experiments, including nearly disease-free, Diplodia-
infected and at times Basisporium-infected, and Gibberella-infected seed 
corn, were conducted during the period 1930 to 1934 at Ames, Iowa. 
Not treated and treated seed planted at four rates were compared 
in natural stands and controlled stands (thinned). In all there were 
522 paired four-row plots 12 hills long, of which only the two middle 
rows (24 hills) were used, thereby eliminating border effects. 
These comparisons showed that artificial thinning may injure yields 
and, therefore, introduce an uncontrolled factor into the experimentation. 
In the case of plots from Diplodia-infected seed corn, the treated plots 
were handicapped in performance because they suffered the major por-
tion of the thinning operations. 
The seasons, during which these experiments were conducted, were 
mainly favorable for corn both at planting time and during maturity. 
These factors are conducive to the smallest possible benefits from seed 
treatment. 
Benefits from seed treatment were greater in comparisons with field 
stands less than the most productive ones being 4.4, 3.3, 2.7, and 1.1 
bushels per acre, than with stands greater than the most productive 
ones, 2.5, -1.3, 1.9, and -0.7 bushels per acre. 
These latter differences show two mathematically significant increases 
and no significant decreases which indicates that the plants from treated 
dieased seed were more productive than those from not treated diseased 
seed. The increases could not have come from increasing the stands 
because the comparisons are within stands where an increase should 
produce a decreased yield (see figs. 1 and 2). 
Seed treatment killed, inhibited, or delayed the action of the seed-
borne parasite so that plants from treated Diplodia- or Gibberella-
infected seed outyielded plants from similarly diseased seed not treated 
and these data strongly indicate that corn seed treatment was not limited 
to its effects on field stands. 
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This paper is a preliminary report on the method of inheritance of 
resistance to bacterial wilt in maize. Twenty-three inbreds of dent corn, 
one of white flint corn, eighteen of white sweet corn (Evergreen), and 
fifteen of very early sweet corn, mostly yellow, have been subjected to 
severe tests for resistance. Crosses between very resistant dent inbreds 
and very susceptible early yellow sweet and white fl.int inbreds are being 
used for inheritance studies. All the inbreds tested were inbred eight or 
more generations and gave consistent and specific types of reactions. 
Distinct differences in external symptoms, and morphological disturbances 
in the normal development of the vascular bundle in certain lines were 
noted. 
METHODS 
All plantings of inbreds and F 1 crosses were made in paired rows of 
which one was inoculated and the other used as a check. Tests made in the 
greenhouse were repeated in the field. The method of inoculation was 
essentially as follows: Each individual plant was inoculated with a heavy 
suspension of bacteria (2,000,000 per cc. or more) by means of a hypo-
dermic needle, through a single puncture in the vicinity of the first node 
with permanent root system. Greenhouse inoculations were made some-
what earlier than field inoculations, usually about six or eight days after 
emergence. 
The original culture of Bacterium stewartii used traces back to a cul-
ture (Sl5) isolated from sweet corn in New York by W. H. Burkholder 
in 1932. High virulence was maintained by passing the organism repeat-
edly through a susceptible host. The actions of the reisolations each time 
were tested on four standard lines of known reaction (two resistant and 
two susceptible, inbred for 10 generations). By such methods a more or 
less constant action of the organism was maintained. 
RESULTS OF INBRED TESTS 
SYMPTOMS 
Symptoms of this disease have been reported in detail by Smith (7), 
Stewart (8), Rand and Cash (4) and Ivanoff (3). These reports for the 
most part were made from observations on open pollinated varieties and 
present considerable variation. Field observations made on the various 
1 Journal Paper No. J213, of the Iowa Agricultural Experiment Station, Ames, Iowa. 
Project 404. 
•The author wishes to express his appreciation to Dr. E. W. Lindstrom, who has 
made this investigation possible and in whose laboratory the work was carried on. 
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inbred lines tested in this investigation showed no symptoms not heretofore 
described but demonstrated that certain symptoms are characteristic of 
certain lines. All the inbred lines were sufficiently stable to give consistent 
and specific types of reaction in either field or greenhouse test. 
The first characteristic symptom of the disease found on all the inbred 
lines tested, dent or sweet, is the appearance of water soaked and dis-
colored stripes along the veins of the leaf. These first show up, often 
within 36 hours after inoculation, as a yellowing of the vein and a slight 
discoloration in the parenchymatous tissue on both sides. Soon, however, 
water soaked or irregular shaped semicircular areas begin to appear on 
either side, which subsequently coalesce into an irregular water soaked 
stripe extending the full length of the vein. The degree of this leaf striping 
shortly after inoculation varies with the host line but is in no way an 
indication of the degree of resistance or susceptibility. For example, 
Pr a dark green, very resistant field corn inbred consistently shows wider 
stripes in its leaves than a very susceptible inbred of Golden Bantam or an 
equally resistant inbred of field corn. On leaf symptoms alone resistant 
and susceptible inbred lines cannot be differentiated. Usually about two 
weeks after the first symptoms appear distinct differences in reaction 
can be noticed. By this time the very resistant lines begin to show signs 
of recovery whereas the very susceptible ones are either dead or showing 
a diffuse type of wilt. 
On very resistant inbred lines the water soaked streaks begin to dry 
up within five or six days and remain as scars on the respective leaves 
throughout the life of the plant. Subsequent leaves are free from any 
signs of infection and the plant, with the exception of a slight set back 
in growth, appears to be growing normally. At maturity, stunting can 
seldom be detected between inoculated and uninoculated paired rows of 
these very resistant lines. Repeated inoculations of the same plant indicate 
that no immunity is built up. Other inbred lines less resistant react 
similarly but show consistent degrees of stunting under similar conditions. 
Apparently in these stunted lines the organism is not checked as readily 
in the early stages of growth. This is indicated to a certain extent by 
histological investigations which have shown a few of the vascular bundles 
of the more severely stunted lines to remain infected throughout their 
growth period. 
Another reaction characteristic of several of the more susceptible or 
intermediate inbred lines of sweet corn is expressed as a delayed action 
of the organism. The plants of these lines in all outward appearance seem 
to have temporarily recovered without dwarfing, but later at about the 
silking stage all leaves simultaneously wilt and dry up. Examinations 
of cut stalks readily showed infection in all the vascular bundles. It would 
seem that in this case the conditions for active growth of the bacteria 
were not favorable until the earing stage. This is in direct contrast to 
those severely stunted lines in which conditions seem to have become 
more unfavorable as the plant grew older. 
On the leaves of the susceptible Golden Bantam inbreds, 797 and 799, 
the numerous, parallel, narrow streaks appearing shortly after inocula-
tion, gradually unite, two or more at a time, into a wide, brown, irregular 
stripe of dead tissue extending the full length of the leaf. Such a leaf gives 
a variegated appearance of brown, pale green, and normal green parallel 
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stripes. In time more and more of the stripes of dead tissue coalesce 
usually from the margins inward until the whole leaf blade is involved. 
The leaf blades usually die off one after another until all are dry while the 
stem is still green. This type of reaction is distinctly different from the 
diffuse type found on the very susceptible inbreds W-134 and 887. Very 
little of the characteristic streaking was evident on the leaves of these 
lines which turn a pale green, wilt and dry up shortly after inoculation. 
HISTOLOGICAL INVESTIGATIONS 
Histological investigations have shown the organism to be present 
chiefly in the protoxylem, trachea and tracheids of infected vascular 
bundles. Never were traces of the organism found in the phloem. Cross-
sections made from seedlings of very resistant lines shortly after inocula-
tion show approximately 10 per cent of the bundles infected, whereas 
these same lines when sectioned two months after inoculation very seldom 
show infection in any of the bundles. Sections from inbred lines having 
a tendency to be stunted indicate that a number of the bundles remain 
infected for a considerably longer period; often as many as 10 per cent 
are still infected at maturity. In very susceptible plants from 90 to 100 
per cent of the bundles show various degrees of infection. In the more 
advanced stages the majority of them with the exception of the phloem 
are completely plugged. 
Differences in reaction of the bundles to bacterial invasion under 
field conditions have been found in the different susceptible lines. Certain 
of the Golden Bantam and White Flint inbreds have shown a modification 
in development of the bundle after the protoxylem vessels become infected 
(Plate I). Instead of the thin-walled parenchyma cells which normally fill 
in the area between the first annular and spiral vessels and the bundle 
sheath, there are heavily lignified cells radiating out in all directions from 
the point of infection. These show a definite radial arrangement and 
appear very similar to the lignified cells in the bundle sheath. Apparently 
the invasion of the protoxylem has stimulated the surrounding cells. 
Some of them appear to be transformed into tracheids, new conducting 
elements, others merely as lignified cells walling off this infected area 
from the rest of the plant. No bacteria have ever been found in these cells. 
Such a condition has never been found at any stage in W-134, a very 
susceptible line showing a diffuse type of wilting shortly after inoculation. 
The Golden Bantam inbreds, 797 and 799, which show this modification 
have different symptoms and die off considerably slower, leaf by leaf. 
CLASSIFICATION ON THE BASIS OF RESISTANCE OR SUSCEPTIBILITY 
The 56 inbred lines tested can readily be classified into 5 classes on 
the basis of resistance or susceptibility as follows: 
1. Very resistant. Lines that show characteristic streaking in the leaves 
shortly after inoculation, but readily recover without any visible 
stunting at maturity. 
2. Resistant. Those lines which are slightly stunted at maturity otherwise 
reacting similarly to the above. 
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3. Medium. Lines which are readily stunted from 25 to 50 per cent in 
their growth, or in the case of early yellow sweet corn, those lines 
which apparently grow to normal height but dry up shortly after 
silking. 
4. Susceptible. All lines in which the plants gradually die, one leaf at a 
time. All leaves are dead usually within four or five weeks after 
inoculation. 
5. Very susceptible. Those lines which have a diffuse manner of wilting, 
usually dying within 10to14 days after inoculation. 
Certain of the inbred lines in such a classification are on the border 
line but the majority of them can readily be placed in the respective 
classes. A classification of the various lines tested is given in figure 1. 
It is evident (fig. 1) that by far the majority of the field corn lines 
are resistant, whereas the majority of the early sweet corn lines are sus-
ceptible. The lines of the Evergreen group are mostly intermediate. This 
is exactly what one would expect from tests made with open pollinated 
varieties (Rand and Cash ( 4) ) which have shown field corn varieties, 
with the exception of the early flints, to be fairly resistant, the Evergreen 
varieties of sweet corn next in line, and the early varieties of yellow 
sweet and flint corn as a rule to be very susceptible. Practically all of the 
inbreds obtained from varieties of Golden Bantam or closely related types 
have been found to be susceptible. Two of the four lines classed as inter-
mediate are known to be segregates from field-sweet corn hybrids. The 
other two resemble these very closely and are possibly of the same origin. 
All four, therefore, may have received their resistance from field corn. 
The only resistant line within the early group is an inbred of the Black 
Mexican variety which itself is fairly resistant. 
RESULTS OF F, TESTS 
Reciprocal crosses were made between the two extremes, the most 
resistant dent corn inbreds and the most susceptible early yellow sweet 
corn or white flint inbreds. No differences in reciprocal crosses were 
apparent in the F 1 (table 1). In every case the behavior of the hybrid 
consistently compared very favorably with the behavior of the resistant 
inbred line. In certain instances there appeared to be a slight amount of 
stunting in mature plants in the field, but for the most part this was 
negligible when compared to the reaction between inoculated and non-
inoculated rows of the resistant inbred lines. 
In the greenhouse where inoculations were made shortly after emer-
gence the F 1's were usually less stunted than the respective resistant lines 
involved. The F 1 of OSF X White Flint showed a reduction in dry weight 
due to the organism of 16.5 per cent, 28 days after inoculation, based on 
differences between paired rows of 84 plants each. The resistant parent 
OSF, in the same environment showed a reduction of 24.8 per cent, while 
the very susceptible parent, White Flint, showed a reduction of 90 per cent. 
Another test of OSF in which dry weight was taken 20 days after inocu-
lation showed a reduction of 27.3 per cent. This last figure is based on 
the differences between inoculated and uninoculated paired rows involv-
ing 396 plants each. From all indications as the plants reach maturity 
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Fig. 1. A classification of inbreds on the basis of resistance and susceptibility. 
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these differences would gradually disappear. As yet no inbred line or 
hybrid has been found to be immune. The nearest thing to immunity is 
a cross of two dent corn inbreds OSF X MCC which shows the highest 
resistance of all the material tested. 
In all, 22 different crosses between inbreds showing various degrees 
of resistance and very susceptible inbreds showing no resistance have 
been tested. Resistance proved to be dominant in every case. A few 
crosses of inbreds where both parents showed a slight degree of resistance 
have given indications of complementary action of resistance factors. 
These results will be verified in the near future with tests of a larger num-
ber of such crosses. The F 1's of very susceptible inbreds, regardless of 
any increase in vigor, were very susceptible. 
TABLE 1. The reaction of inbreds and F,'s of resistant X susceptible lines and re-
ciprocals 
Index 
No. 
W-276 
W-317 
W-269 
W-515 
W-473 
W-544 
W-1069 
Inbreds or crosses 
Osf (Dent) 
MCC " 
Tr " 
Pr " 
W.F. (White Flint) 
GB (Golden Bantam) 
W134 " " 
...... ............. .............. ................ .... ...... ...... 
W-866 Osf (1) x W134 (5) 
W-1026 W134 (5) x MCC (1) 
W-874 Osf (1) x GB (4-5) 
W-772 GB (4-5) x Osf (1) 
W-812 W.F. (5) x Osf (1) 
W-1004 Osf (1) x W.F. (5) 
W-594 Pr (1) x GB (4-5) 
W-775 GB (4-5) x Pr (1) 
W-577 Tr (1-2) x GB (4-5) 
W-889 MCC (1) x GB (4-5) 
W-761 GB (4-5) x MCC (1) 
W-692 MCC (1) x Osf (1) 
W-985 W.F. (5) x GB (4-5) 
W-475 GB (4-5) x W.F. (5) 
Resistance 
class Remarks 
1 Very resistant 
1 
1-2 
1 
5 Highly susceptible in seedling stage 
-less as plant grows older 
4-5 Suspectible at all stages of growth 
5 Most susceptible line 
······· 
... ....... 
······ ···················-··························· ····················-········-· 
1 
1 
1-2 ' 
1-2 
1 
1 
2 
2 
2 I 
2 I 
2 i 1+ 
I 4 4 I 
RESULTS OF F, AND BACKCROSS TESTS 
Inheritance studies have been chiefly confined to backcrosses and 
later-generation progenies of the crosses OSF X WF and OSF X W-134 
(table 1). The backcrosses and F 2 progenies of OSF X WF have been 
tested in the greenhouse with both highly virulent and attenuated cul-
tures. Plants were classified as apparently healthy or dead. Inoculations 
with the attenuated cultures resulted in a 3: 1 ratio (3 App. H. : 1 dead) 
in the F 2 and a 1: 1 ratio in the backcross, whereas inoculations on the 
same cross with the highly virulent culture resulted in a 9: 7 ratio in the 
F 2 and a 1: 3 in the backcross. With either culture approximately one-
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fourth of the backcross progenies died within the time required to kill all 
the plants of the susceptible parent included as a check. The backcross 
progenies of (OSF X W-134) X W-134 tested under field conditions with 
the highly virulent culture likewise resulted in a 1: 3 ratio with one-fourth 
of the progenies dead at a time when all the plants of W-134 (check) were 
dead. No linkage to the sugary gene was evident. 
The above results strongly indicate the existence of four equal classes 
in the backcross which might be designated as follows: non-resistant, 
partially resistant, resistant and very resistant. This suggests that at 
least two major dominant complementary genes are involved, one of 
which reacts to an attenuated culture. A third gene of less importance 
may exist. The progenies of 48 selfed plants of the backcross (OSF X 
W-134) X W-134 recently tested in the greenhouse on two different 
benches (Nos. 1 and 2), in general, bear out such a hypothesis. 
On bench No. 1, which had previously been used for inoculation 
studies, the disease was much more severe. The progenies of 34 back-
crossed plants (13 died early) were from 91 to 100 per cent dead when 
final classifications were made, leaving 14 progenies segregating for re-
sistance and susceptibility. This is exactly what would be expected on 
the bases of the above results. However, the remaining 14 (approximately 
one-fourth) instead of segregating on the basis of a 9: 7 as might be ex-
pected, could be divided into two classes, one with a close range around 
56 per cent dead, the other around 81 per cent dead. This would indicate 
that there may be a third gene involved which was not differentiated un-
der conditions of previous F 2 and backcross tests. 
The reactions on bench No. 2 were what one might expect with an 
attenuated culture. Approximately one-fourth or 13 of the progenies 
died early without apparent segregation, checking with bench No. 1. The 
remaining 35 appeared to be segregating for various degrees of resistance. 
In summation, it is evident that definite genetic segregation of factors 
for resistance is taking place in the later generations of two crosses tested. 
The number and relationship of the factors involved remains to be proved. 
Present results indicate that at least two major dominant complementary 
genes with perhaps a third of minor effect could be involved. The studies 
are being continued and the above results will be checked by a more thor-
ough test of progenies from a larger number of selfed plants of both F 2 
and backcross generations. 
SUMMARY 
1. Tests were made with 56 inbred lines and certain single crosses 
of maize to determine the relative resistance to bacterial wilt as caused 
by artificial wound inoculations with Bacterium stewartii (Smith) Migula. 
2. Symptoms and types of reaction varied with the host line. In 
several of the susceptible lines infection initiated a modification in the 
development of the vascular bundle. The parenchyma cells around the 
plugged protoxylem are replaced by heavily lignified cells radiating out 
in all directions. These show indications of being transformed into con-
ducting elements. This condition was not found in the most susceptible 
line W-134 and may be a partial explanation as to why it wilts more readily 
soon after inoculation. 
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3. All gradations from highly resistant to highly susceptible lines 
were found. The majority of the field com inbreds were resistant; the 
majority of the inbreds of the Evergreen group were intermediate; and the 
majority of the early sweet corn inbreds were susceptible. 
4. Dominance of resistance was found in all F 1 material tested. In a 
few cases the F 1's were more resistant than either of the parents. 
5. Results from the backcross and later-generation progenies of the 
crosses OSF X WF and OSF X W-134 show definite segregation of factors 
for resistance with a strong indication that two major dominant comple-
mentary genes with perhaps a third, modifying gene were involved. 
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PLATE I 
A. Normal vascular bundle. Note the thin walled parenchyma cells adjoining the 
annular or spiral vessels of the protoxylem. GB 799 (200 x) 
B. Infected ·vascular bundle showing abnormal condition of the protoxylem. The thin 
walled cells have been replaced by heavily lignified cells. Proto-xylem and 
meta-xylem completely plugged. GB 799 (200 x) 
C. Higher magnification of B ( 400 x) 
D. Infected bundle showing bacteria in one of the tracheal tubes (700 x). GB 799 
INVESTIGATION OF BACTERIAL WILT RESISTANCE IN CORN 547 
PLATE I 

CHROMOSOME STUDIES IN BLACK MEXICAN MAIZE I. 
BEHAVIOR OF EXTRA CHROMOSOMES IN BLACK MEXICAN 
INBREDS AND HYBRIDS WITH DENT TYPES OF MAIZE 
L. M. HUMPHREY 
From the Departments of Botany and Genetics, Iowa State College 
Accepted for publication November 16, 1934 
Many cytological studies of maize have demonstrated that 20 chromo-
somes are characteristic of this species. Exceptions have been noted, 
especially in Black Mexican sweet corn, in which extra chromosomes are 
nearly always found. This variety has been studied and extra chromo-
somes noted by Kuwada (1915, 1925), Reeves (1025), Fisk (1925) and 
Randolph (1927) . 
The material for the present investigation, consisting of inbred lines 
of Black Mexican and F 1 crosses with dent corn, is a part of Dr. Lind-
strom's genetic maize material at Iowa State College. The Black Mexican 
lines have been inbred for eight years, and should be relatively homo-
zygous. Such selection as has been practiced in maintaining these lines 
has been for typical Black Mexican characteristics only, and no attention 
has been given to chromosome number. A casual investigation of some 
of the lines during the summer of 1933 revealed the presence of extra 
chromosomes. Certain questions then arose concerning the cytology of 
the Black Mexican lines: (1) were there extra chromosomes in all of this 
material; (2) if so, were the numbers constant within lines; (3) were the 
extra chromosomes fragments or whole chromosomes; ( 4) was their 
meiotic behavior normal or otherwise; and (4) what is the possible evo-
lutionary significance of the extra chromosomes maintained in estab-
lished inbreds? 
MATERIALS AND METHODS 
Eleven inbred or selfed lines of Black Mexican maize and eight F 1 
hybrids between certain of these lines and nine-year-old inbreds (selfed 
lines) of dent maize were selected for the study. Root tips were used for 
an investigation of the somatic chromosomes of the various lines and 
hybrids. These root tips were not taken from the same plants on which 
a meiotic study was made. The root tip sections were stained with iodine-
violet and with iron hematoxylin. Material for the meiotic study was 
grovm in the greenhouse. Anthers from young tassels were killed in 
alcohol-acetic fluid as recommended by McClintock (1929b) . The stain-
ing procedure was essentially that recommended by her for permanent 
acetocarmine smears with a few changes. Instead of securing the cover 
slip with gum mastic to prevent drying, the satisfactory slides were placed 
in a moist chamber for about an hour, or until the stain had become suf-
ficiently intense. The cover slip was then soaked off in 10 per cent acetic 
acid. Only rarely does material adhere to the slide itself. Therefore, only 
the cover glass was run through the following fluids: 30 per cent alcohol 
to 70 per cent acetic acid, 90 per cent alcohol to 10 per cent acetic acid, 
absolute alcohol twice, xylol, and finally mounted in balsam. Very satis-
factory permanent slides may be quickly prepared by this procedure. 
[549) 
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EXPERIMENTAL RESULTS 
SOMATIC CHROMOSOMES 
In table 1 are listed the results of the study, and as may be observed, 
extra chromosomes were present in the root tips of all except one cross, 
No. 13 in the table. All the Black Mexican lines had extra chromosomes, 
the number of extras ranging from 2 to 10. The number 24 was found in 
eight of the Black Mexican lines (fig. 2) and in four crosses. In one Black 
Mexican line and in three crosses there were 22 chromosomes (figs. 1 and 
7) and in one cross there were only 20 (fig. 6). One Black Mexican line 
had 26 chromosomes, and one varied from 20 to 30, the latter being the 
commoner number (figs. 3 to 5) . There is nothing, either in size, shape 
or behavior of the extra chromosones to indicate that they might be 
merely fragments. Behavior at anaphase is entirely normal. There is no 
lagging or other irregularity. This suggests the presence of spindle fiber 
attachments in all the extra chromosomes. 
TABLE 1. Chromosome numbers in the Black Mexican lines and crosses 
Lab. 
no. Culture no. Material 2n n 
1 S796 Black Mexican 22 1111 
2 S1857-1 " " 24 lOn + 11 
3 S790-1 " " 24 1211 
4 S789-1 " " 24 1411 
5 S787-1 " " 24 12n 
6 S1855-1 " " 24 1211 and 1311 
7 S1864-1 " " 24 1211 
8 S1861-1 " " 24 1211 
9 S1429-3 " " 24 1111+11 
10 S1866-1 " " 26 1311 
11 S1427-1 " " 26,28,30 ........ 
12 S1857-2 X3399 B.M. xBl* 22 lln 
13 S1856-1x9423-51 B.M.xrdg 20 lOn 
14 S790-4 x 1807 -6 B.M. x -- 24 1211 
15 S789-3 x 1806-3 B.M.xSc 24 1111 
16 S787-3x1742 B.M.xBls 24 12n 
17 S784 x 1697-5 B.M.xLa 22 lOn 
18 S791x1724 B.M.xLdg 24 ........ 
19 S784x 1795 B.M.xWal 22 1111 
• These lines, Bl, rdg, etc., are inbred lines of dent corn and constitute a part of 
Dr. Lindstrom's genetic maize material 
MEIOTIC CHROMOSOMES 
In normal maize at early diplotene or very late pachytene, there are 
many points at which opening-out is starting. The chromosomes begin to 
contract and continue to do so uniformly until metaphase when they are 
nearly spherical. Both divisions are then regular. 
In cells containing extra chromosomes, behavior may be regular, 
but frequently it is not. There is also a distinct difference in behavior 
between bivalent and univalent extras. In middle diplotene, when the 
chromosomes are still relatively long and contain fairly numerous chias-
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mata, a univalent chromosome may be recognized (Pl. I, fig. 5) by the 
fact that it has already contracted until it is in a stage approximately 
equal to late diakenesis. In diakenesis it may also be recognized by its 
greater contraction and because it is smaller and shows no evidence of 
doubleness. 
At metaphase the univalent is frequently not oriented and, whether 
this be true or not, it invariably proceeds to the poles ahead of the other 
chromosomes (Pl. I, fig. 6). There was nothing in any of the cultures 
with one univalent chromosome to indicate that it was a fragment. In 
size it resembled the other chromosomes after disjunction (fig. 18) . 
The meiotic number in the Black Mexican lines varied from lOn+lr 
to 14n (figs. 911 13, 14), and in the F1 from lOn to 12rr (figs. 10 to 12). In 
the crosses the extra chromosomes were always present in pairs. Be-
havior of the extra chromosomes is essentially the same in both the Black 
Mexican lines and in the crosses. 
The extra chromosomes, when paired, could not be distinguished 
from the others until early diakinesis (fig. 16) and not always then. At 
that stage there is frequently evidence of a weakness in the pairing union 
between the members of the bivalent. This often leads to the complete 
separation of the bivalent into univalents. This tendency becomes more 
marked as metaphase is approached (fig. 14). If such abnormal behavior 
is not present the extra chromosomes cannot be detected until later. 
There are several departures from the normal behavior which may 
be observed at metaphase and anaphase. Whether the extra chromosomes 
reach the metaphase condition as bivalents or as univalents they may be 
correctly oriented on the plate, or they may lie between the plate and one 
of the poles. Correct orientation is usually found but non-orientation is 
by no means rare (fig. 15). If the bivalent comes to the plate, it will dis-
join normally with the slight exception that it usually disjoins before the 
other chromosomes and its members frequently have reached the poles 
by the time the other chromosomes are disjoining (Pl. I, fig. 4). If the 
extra bivalent is not oriented, there is evidence that disjunction is at least 
attempted (fig. 15). There are attenuations toward both poles indicating 
a spindle pull. There is no evidence of what finally occurs except that 
eventually the chromosomes are included in one or both polar groups. 
Micronuclei were not observed. 
Should the bivalent reach metaphase as univalents, the subsequent 
behavior is that characteristic of univalent chromosomes. They proceed 
at random to the poles, one to each pole, or both to one pole, the latter 
being the equivalent of non-disjunction. When non-orientation occurs 
both chromosomes seem to be included at the pole nearest to which they 
lie. It should be remembered that regardless of the type of behavior, 
whether one or all types are found in a single cell there are never micro-
nuclei and all the chromosomes become included in one or the other 
polar group. 
Behavior at second metaphase is essentially regular. There is oc-
casionally some lagging, but not enough to prevent the chromosomes from 
reaching their poles. Only in culture No. 19, a cross, were there countable 
figures at second metaphase. These showed two combinations of num-
bers, 11 and 11; and 10 and 12. The 11 and 11 combinations were the more 
frequent (figs. 20 and 21). 
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DISCUSSION 
It is evident from the data that the Black Mexican lines carrying 
extra chromosomes give rise to gametes with varying numbers of extra 
chromosomes. The variability within lines indicates this, as does such a 
cross as No. 16 with 12 pairs of chromosomes, whose Black Mexican par-
ent came from a line containing 12 pairs. The same is true of the cross, 
No. 14, and its Black Mexican parent. In the cross, No. 18, there were 24 
chromosomes in the root tips, and the same number in the root tips of the 
line from which the Black Mexican parent came. In the meiotic material 
the cross had only 11 pairs, while the Black Mexican line had 14 pairs. 
In the crosses, Nos. 13 and 15, both with the same Black Mexican strain, 
the somatic numbers were the same, but the meiotic numbers were 10 
and 11 pairs. 
If the meiotic behavior were entirely regular and the extra chromo-
somes behaved as the others, these irregularities in number would not 
occur. However, the study of the meiotic material showed that behavior 
is not regular and it also showed the cause of the variation in number. 
The fact that the extra chromosomes sometimes enter metaphase as uni-
valents and thereafter behave as such is the explanation. Thus in a plant 
containing 22 chromosomes, gametes with 10, 11, and 12 chromosomes 
may be produced. The greater the number of extra chromosomes the 
more variability may be expected. 
The fact has already been demonstrated (McClintock, 1929a) that 
extra chromosomes may be carried in the spores of maize without much 
resultant sterility. The pollen of Black Mexican appears entirely normal, 
apparently suffering no harm from the presence of extra chromosomes. 
It seems fairly obvious that there is no strong selective force against the 
presence of extra chromosomes in this variety of maize or they would 
have been eliminated before nine generations of inbreeding. On the con-
trary, it would seem that there must have been a selection favoring the 
extra chromosomes or some of the lines would have retained the normal 
number. Perhaps the extra chromosomes are in some way as5ociated 
with certain characteristics peculiar to Black Mexican, and that while 
selecting for these phenotypic characters, one unconsciously selects for 
the higher chromosome number as well. 
The extra chromosomes do not seem to be fragments. In the somatic 
material there was nothing, either in their size or behavior, to indicate 
such origin. They obviously have spindle fiber attachments, and except 
for their somewhat erratic behavior during meiosis, are evidently good 
chromosomes. The question of their origin is one that can be answered 
by speculation only. It seems unlikely that they could have arisen by 
fragmentation for the extra parts would have been lost without spindle 
attachments unless there could have arisen de novo, and there is no evi-
dence that such a phenomenon occurs. 
A logical explanation seems to be that non-disjunction gave rise to 
gametes with extra chromosomes, thus eventually producing plants with 
extra pairs. There is an objection to this argument, also. If the extra 
chromosomes are duplicates of some of the others there should be formed 
some tetravalents at meiosis, but there was no indication that this oc-
curred. If Black Mexican sweet corn, as a distinct variety of maize, were 
old enough that the composition of the extra chromosomes could have 
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been so changed by evolution (mutation particularly) that they were no 
longer homologous with any of the others, the non-disjunction explana-
tion might seem reasonable. But Black Mexican, as a variety, is of fairly 
recent origin. It is, of course, possible that the extra chromosomes were 
present in maize long before this particular variety was developed. 
Regardless of our lack of knowledge of the content, function, and 
origin of these extra chromosomes, their presence is of possible evolu-
tionary significance. The mere fact that they can be carried on without 
detriment to the species is significant. Their behavior may be a means of 
increasing the chromosome number where it is not increased by the usual 
method, polyploidy. By the Black Mexican method such increases as are 
seen in Carex, Crepis, and even Drosophila could be accounted for. As 
has been seen in Black Mexican sweet corn, this variability has caused 
numbers from 22 to 30, and if during evolutionary time some of these 
numbers became stabilized it is easy to see the beginnings of a new con-
stant chromosome number, either one or several pairs higher than the 
original. 
SUMMARY 
The somatic and metiotic chromosomes of eleven inbred lines of 
Black Mexican sweet com and eight F 1 crosses with inbred dent types 
were studied. 
Extra chromosomes were found in all the Black Mexican lines and in 
seven of the crosses. 
Gametes wtih varying chromosome numbers arise in Black Mexican. 
Variability of number was found within lines, and numbers higher 
than those expected were found in the crosses. 
LITERATURE CITED 
FxsK, EMMA L. 
1925. The chromosomes of Zea mays. Proc. Nat. Acad. Sci. 11: 352-356. 
KUWADA, Y. 
1915. Ueber die Chromosomenzahl van Zea mays L. Bot. Mag. Tokyo 29: 83.89. 
1925. On the number of chromosomes in maize. Bot. Mag. Tokyo 39: 673-681. 
LONGLEY, A. E. 
1924. Chromosomes in maize and maize relatives. Jour. Agr. Res. 28: 673-681. 
MCCLINTOCK, B. 
1929a. A cytological and genetic study of triploid maize. Genetics 14: 180-222. 
1929b. A method of making aceto-carmine smears permanent. Stain Tech. 
4:53-56. 
RANDOLPH, L. F. 
1927. Chromosome numbers in Zea mays L. Cornell Agr. Exp. Sta. Memoir 
117. 
REEvEs, R. G. 
1925. Chromosome studies in Zea mays L. Iowa Acad. Sci. Proc. 32: 171-175. 
556 L. M. HUMPHREY 
EXPLANATION OF PLATE I 
Fig. 1. M1 0£ culture 15 showing 11 pairs of chromosomes x 900. 
Fig. 2. Diakinesis of culture 15 showing 11 pairs of chromosomes x 900. 
Fig. 3. Diakinesis of culture 10 showing 12 pairs of two univalents x 540. 
Fig. 4. M1 of culture 15, precocious division of the extra pair x 900. 
Fig. 5. Diplotene of culture 2, univalent much contracted. 
Fig. 6. M1 of culture 9, precocious advance of univalent. 
Fig. 7. Anaphase I of culture 15 showing precocious separation with non-disjunction 
and lagging. 
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THE FUTURE OF CORN PRODUCTION 
H. D. HUGHES 
From the Department of Farm Crops and Soils, Iowa State College 
Accepted for publication November 16, 1934 
Not long since, to give careful heed to past developments in their 
relation to the present was considered a wise means of anticipating 
events and conditions of the immediate, and more projected future. But 
the cataclysmic development during the past few years and months have 
vitiated this method until today who dares predict what the morrow 
may bring forth. 
The Secretary of Agriculture has frequently stressed, very earnestly 
and prayerfully I know, his conviction that if, as a nation, we are to find 
our way into that finer, more satisfying, and satisfactory way of living 
there must come a change in our very innermost lives, and that with that 
change will come a different viewpoint and a new approach to problems, 
economic and social. Perhaps for this more time will be required than 
for physical and material changes, but let us hope not so long a time, 
that the very opportunity is gone never to return. 
It seems most fitting, in connection with the first public recognition 
this day of the Corn Institute, that the Secretary of Agriculture should 
participate and lend the prestige of his high office. 
Also, it is especially fitting that the Iowa citizen, H. A. Wallace, should 
have special recognition in this week's program because of the very im-
portant contribution which he personally has made to our knowledge of 
the corn crop and its improvement. Not only has he placed himself in the 
forefront of the experimentation, personally, but has been equally suc-
cessful in stimulating others to make worthwhile contributions to our 
knowledge of corn. 
The conception, by the Director of the Agricultural Experiment 
Station, of a Corn Institute to be sponsored jointly by the Iowa Agricul-
tural Experiment Station and the United States Department of Agri-
culture, to be located here where the corn crop has always been recognized 
as of paramount importance, not only to those who produce it but also 
to every person in the state no matter what his business or calling, was 
recognized instantly as altogether desirable. Thus, there has developed 
this research corn program wherein the production and improvement, 
the manifold uses of the product itself, and its marketing shall receive 
the minute and the meticulous study which its importance and the exig-
encies of the times appear to warrant. 
Agriculture rightfully expects of the state agricultural colleges and 
experiment stations important contributions to our knowledge of efficient 
corn production, to the enlargement of its uses, and to the creation of 
new industries which will utilize its potentialities. This, we believe these 
institutions have been doing in the past, attempting to solve the problems 
of the day and to anticipate somewhat those of the future. 
In the face of a surplus production problems of such magnitude as 
to require for the national welfare the evolution of a control program, 
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limiting and reducing production, it must seem astounding to those who 
have not given special thought to the subject that this college and the 
federal government should go on record advocating the general adoption 
of more efficient production methods. 
It is obvious, however, that to follow any other program must result 
in an increase in the cost of producing a bushel of corn, or a hundred 
pounds of pork, to such an extent that, even though the price to the 
consumer be increased, there is no resulting increase in the purchasing 
power of the farmer. The basis for the plan evolved whereby the federal 
government has supervised a program limiting and reducing production, 
is the advantage to the industrial workers and urban citizens generally 
of a relatively high purchasing power for the farm group. 
The Iowa State Corn Yield Test was inaugurated in 1920, largely 
due to Mr. Wallace's vision and foresight, with the definite objective 
of finding the best strains and varieties of corn for planting in the 
different parts of the state-those most efficient in using soil nutrients, 
sunshine and water, converting them into grain and forage-those which 
when planted in comparison with other varieties may be expected to 
give the larger acre yields. To increase the total production of corn in 
the state was not the goal, but that each bushel might be produced at 
a lower cost. 
With the general use of improved practices and soil management 
methods the Iowa corn acreage could be reduced a third and the total 
production of corn greatly reduced without a reduction in net returns 
to the corn growers; or that with such a change the soil fertility could be 
maintained, soil losses from erosion reduced to a minimum and production 
cost per bushel lowered, while at the same time, with a stabilized price, 
the purchasing power of the producer would be materially increased. 
Corn growers must expect, and must be expected, to give as much 
attention to the best and most efficient methods of production in the 
future as at any time in the past. We believe that the statement of the 
Secretary of Agriculture, made in the fall of 1933, in which he said that 
"the federal policy is to promote increased efficiency but on a controlled 
acreage" must be recognized as sound and in the best interest of all. 
And thus the research program continues; better corn, better cultural 
practices, better mechanical equipment and methods, all looking to more 
efficient production-lower costs of production. 
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Of all the annual crops, corn is one of the most efficient in transforming 
sun energy, soil fertility and man labor into a maximum of food suitable 
for animals and human beings. Corn more than any other one plant is 
the foundation of the civilization of the great democratic Middlewest. 
The livestock and the rotations which properly go with corn growing 
make for a continuing democracy. It is, therefore, appropriate that the 
people of the corn belt, whether they live on the farm, in the small towns 
or the great cities, should have a genuine sympathy for corn and a deep 
understanding of it. It is to be regretted that so few of the millions of 
people whose prosperity rests on the corn plant should have so little ap-
preciation or knowledge of it. Even those who work most with corn 
display little of the genuine reverence for it which characterized the 
majority of the corn growing Indians up until the 20th century. 
It has been suggested by Dr. Melhus that I should discuss this 
evening "Six Decades of Corn Breeding and the Future Outlook." The 
presentation which I shall make this evening will, of necessity, be 
informal and neither detailed nor scientific. It happens that during the 
past two years I have had little opportunity of following with my former 
interest the developments of scientific corn breeding. With this qualifica-
tion, it is a great pleasure to present for your consideration the following 
rather brief summary indicating my own particular attitude concerning 
the corn breeding methods of the past and the immediate future. 
The past sixty years may be roughly divided into four main periods. 
During the first period from 187 4 to 1893, corn breeding was chiefly 
in the hands of practical farmers. During the second period, from 1893 
to 1910, the colleges and experiment stations assumed more and more 
leadership through the mechanism of corn shows and certain rather 
simple experiments. In the third period, from 1910 to 1920, there was 
an increasing interest, stimulated largely by the experiment stations in 
ear-row breeding, crossing of varieties and variety yield testing. Only in 
the fourth period, since 1920, has the problem of corn breeding been ap-
proached in a comprehensive, scientific way. 
In each case there was, of course, a transition period that has arbi-
trarily been thrown into the earlier period. Then too, many exceptions 
may be taken to this rough division. Beal of Michigan, for example, 
crossed corn varieties to increase yield in the late seventies. There were 
a few corn shows in the eighties and ear-row corn breeding began at the 
Illinois Station in the late nineties. Hartley of the U. S. Department 
of Agriculture did a little inbreeding of corn about 1900. But in spite of 
these and other apparent exceptions, it may be said that in the main the 
last six decades divide broadly as I have indicated. 
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Previous to 1920 the methods of corn breeding in practical use were 
for the most part no great advance over the methods in use by the Indians. 
It is true that the Indians, being interested primarily in corns they could 
grind for human use, favored flour types which do not yield as well as 
the dent corn commonly grown by the white man in the corn belt. The 
Indians of the southern corn belt maintained a certain amount of dent 
corn but it did not have as wide a use for their purpose as the earlier 
flour and flint varieties. The dent sorts which the white man took over 
from the Indians of the southern corn belt were decidedly variable. They 
probably were crosses of flint corn with gourd seed or shoe peg which 
carried twenty-four rows or more of very deep, narrow kernels of soft 
texture, deeply dented. The gourd seed corn which today has practically 
passed out of existence in its pure form probably yielded fairly well on 
the bottom lands of the Ohio, Tennessee and lower Mississippi and 
Missouri Rivers. The stalk was evidently large but it was also probably 
subject to diplodia, fusarium and most of the other corn diseases. 
Robert Reid, who moved from southern Ohio to central Illinois in 
1846, was one of the first white men, whose work has definitely endured to 
this day, to select a definite dent type from a cross of what apparently 
was a late semi-gourd seed of southern Ohio with an early sort known 
as the "little yellow". The phrase "little yellow" was customarily used 
previous to the Civil War to designate early flint corn. Robert Reid in 
moving from Ohio to Illinois took his late Ohio corn with him and the 
germination was so poor that he replanted the missing hills with what 
was probably an early yellow flint. The Ohio corn is said to have been 
reddish in color and the problem before Robert Reid and his son, James 
Reid, was to reduce the cross to a certain amount of uniformity. James 
Reid had the soul of an artist and he set about it to produce a beautiful 
straight-rowed type of corn with an ear almost as large as the late Ohio 
parent but with a smooth dent, easy to husk. Year after year James 
Reid bred for beauty and in 1893 his efforts were rewarded by a first 
prize at the Chicago World's Fair. 
A considerable quantity of Reid Yellow Dent corn was spread over 
the corn belt under the name of World's Fair corn but the really great 
spread did not come until about the year 1900 as a result of the evangelical 
corn show extension methods of Perry G. Holden in Illinois and Iowa. 
The corn show people during the period from 1900 to 1910 set standards 
which made Reid Yellow Dent into a rough corn. 
Probably there were 50 or more farmer corn breeders in the corn belt 
who began their work either just before or soon after the Civil War. 
Among these are J. S. Leaming of Ohio, who originated Leaming corn; 
James Riley of Indiana, who originated Boone County White; H. J. 
Goddard of Fort Atkinson, Iowa, who originated Silver King and R. 
Hogue of Nebraska who originated Hogue Yellow Dent. These various 
men endeavored to take the mixed corn of the period and make it uniform 
for color and ear type. They knew little about yield tests but they had 
their own ideas as to characteristics which might make for yield. Most 
of these early corn breeders seem to have been sincere lovers of the corn 
plant and it is appropriate in passing to pay respect to their memory. 
Most of the corn with which the more scientific corn breeders of today 
are working is descended from an ancestry which was in the hands of 
these men. 
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The corn show period from 1893 to 1910 was of extraordinary interest 
from a psychological point of view. It was during this period that the 
farmers of the central corn belt became truly corn conscious for the first 
time. During this period Perry G. Holden, speaking at the short courses 
at Ames and elsewhere, inspired literally thousands of farmer boys to 
study an ear of corn as their fathers had never studied corn. Iowa, 
Illinois, Indiana and Missouri may have gone during this period to rather 
foolish extremes in their emphasis on corn shows but the human interest 
aroused at this time was to prove a powerful dynamo out of which more 
constructive movements were to develop later. 
In the third period, beginning in 1910, there was an ever increasing 
interest in yield testing and ear-row breeding. Holden had been interested 
in both of these methods of improvement but his job was of a nature which 
prevented him from doing very careful work in this direction. The many 
yield tests which he conducted on the County Poor Farms were designed 
to prove primarily that the best corn for a farmer to grow was that pro-
duced on his own home farm. 
The most significant breeding and testing work done during this 
period was being done by the Illinois and Nebraska experiment stations. 
Hopkins and Smith started in 1896 their famous chemical selections of 
corn and developed their theories of ear-row breeding. Montgomery 
and Kiesselbach at the Nebraska Experiment Station began shortly 
previous to 1910 a great variety of breeding experiments most of which 
were later on to be proved futile. The great range in the temperature, 
altitude and rainfall in Nebraska, however, resulted in Nebraska experi-
menters developing more forcibly perhaps than anyone else the great 
need for adaptability. 
Most of the corn belt stations during the second decade of the 20th 
Century conducted enough in the way of yield tests to prove the adapt-
ability of certain strains and varieties for the different parts of their 
respective states. The work on the whole was somewhat loosely done 
because there was not sufficient appreciation of the great variability of 
strains within a variety. 
Some of the most thought provoking work during this period was by 
Williams of the Ohio Station which indicated that smooth corn yielded 
slightly better than rough corn and that most of the ear characteristics 
had very little influence one way or the other. Williams of Ohio and 
Kiesselbach of Nebraska probably did as much as anyone during the 
second decade of the 20th Century to shake corn breeders out of their 
previous complacency. To some extent they were both destructive 
critics because they did not point the way very definitely as to what 
should take the place of the corn show. 
The first real progress in comprehensive scientific corn breeding 
began about 1920. It was in the early 1920's that the scientific yield 
testing of M. L. Mosher of Woodford County, Illinois, demonstrated that 
Krug corn was definitely superior in yielding power to the showier look-
ing strains of Reid Yellow Dent. It was in 1920 that Professor H. D. 
Hughes started the Iowa Yield Test which was destined to continue longer 
and on a more scientific basis than any other yield test which has thus 
far been conducted anywhere at any time. In 1920, F. D. Richey of the 
United States Department of Agriculture, began his significant work 
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in coordinating the corn breeding experiments of the different experi-
ment stations in a more definite national program. About 1920 Donald 
F. Jones of the Connecticut Experiment Station began to publicize the 
possible commercial significance of crossing four inbred strains of corn 
in what is called a double cross. 
The rapid increase in genetic knowledge following the rediscovery of 
Mendel's results in 1900 had established a firmer basis for more scientific 
corn breeding. The genetic researches with maize by East and Hayes, by 
Emerson, by Collins and by others all were contributing their part. 
George Harrison Shull of the Carnegie Institution and Edward Murray 
East of the Connecticut Experiment Station had conducted their epoch-
making experiments with inbreeding and crossing inbred strains of corn 
during the period from 1905 to 1911. These classical foundation experi-
ments had practically no influence, however, on corn belt experiment 
stations until the period beginning with 1920. At that time Donald Jones 
of the Connecticut Station, H. K. Hayes of the Minnesota Station, F. 
D. Richey of the U.S. Department of Agriculture, and James R. Holbert 
also of the U. S. Department of Agriculture, and several others served 
as centers of a growing enthusiasm for the development of superior inbred 
strains of corn and the developing of methods for the practical utilization 
of such strains. One by one the different experiment stations started 
comprehensive programs in the developing of inbred strains of corn. 
In Minnesota, H. K. Hayes, who had been associated with E. M. East 
in his fundamental work at the Connecticut Experiment Station from 1908 
to 1914, was developing early inbred strains from Minnesota 13, Rustler 
and Northwestern Dent. The Iowa Station at Ames started its ambitious 
program in the spring of 1922 under the direction of Merle T. Jenkins, 
who continued to direct it until 1934 when he was placed in charge of the 
corn investigations in the U. S. Department of Agriculture and A. A. 
Bryan took over the Iowa program. James R. Holbert, working on corn 
diseases for the United States Department of Agriculture, had started 
his inbreeding work from a disease resistance standpoint in Illinois a few 
years previously. About 1918 Hoffer at the Indiana Experiment Station 
at Purdue started his excellent work, now being continued by St. John 
and Trost and Smith. 
Brunson at the Kansas Station, Kiesselbach of the Nebraska, Stadler 
of the Missouri Station, a group at the Wisconsin Station and Meyers 
and Stringfield in Ohio, all began careful corn-inbreeding programs 
in more or less close cooperation with the United States Depart-
ment of Agriculture. Beginning about 1925, it was demonstrated on a 
large enough scale to indicate practical certainty that the crosses of 
inbred strains were definitely superior in yielding power to the regular 
open-pollinated varieties. The first combinations of inbred strains were 
really not so very good but to the experienced eyes of men close to corn, 
the eventual possibilities seemed extraordinary. As the years went by, 
the combinations were more and more improved and efforts were made 
to combine high yields with stiffness of stalk, resistance to disease and 
resistance to drought. 
While this fascinating but somewhat empirical work in the develop-
met of inbred strains of corn was going on and discoveries were being 
made as to which inbred strains of corn would combine to the best advan-
SIX DECADES OF CORN IMPROVEMENT AND THE FUTURE OUTLOOK 565 
tage, the geneticists s·uch as R. A. Emerson of Cornell University, E. W. 
Lindstrom of Ames, Brink of Wisconsin, Stadler of Missouri, and 
Collins and Kempton of the U. S. Department of Agriculture were 
delving into the fundamentals of the corn chromosome map. Emer-
son, a pioneer in this work, acted as a coordinator and stimulated other 
investigators so that much more rapid progress was made toward a 
complete map. Many hundreds of Mendelian allelomorphs have been 
discovered and a great many of them have been placed on the proper 
chromosome. Something is known as to the exact position of many of 
these allelomorphs and observations have been made as to the frequency 
of crossing over. Thus far, very little practical utilization has been made 
by the corn breeders of the detailed knowledge possessed by the geneticists. 
It is conceivable, however, that in the near future more experiments will 
be set up to discover the significance from a yield and disease resistant 
standpoint of the dominant or recessive aspects of specific allelomorphs. 
Some 10 years ago Richey started an experiment to determine the 
relative effect on yield of the dominant and recessive factors for plant 
and aleurone color. I was sorry that the stocks were lost by flood as I 
had been much interested in it. However, some recent preliminary work 
by Brink of the University of Wisconsin indicates that com with a genetic 
composition of A-b-Pl may yield definitely more than com with a genetic 
composition of A-B-Pl or com with a genetic composition of A-b-pl. 
Corn with a genetic composition of A-B-pl seems to have a like advantage. 
In other words, preliminary results indicate that perhaps corn with the 
plant color known as dilute purple or sun red may have an advantage 
over ordinary corn or over corn with a plant color of true purple. Brink 
does not look on his experiments as at all conclusive as yet, but they are 
suggestive of the desirability of setting up in a careful way over a period 
of years experiments designed to discover more definitely the true 
functional significance in varying combinations of different allelomorphs 
which thus far have been known chiefly by their superficial external 
manifestations. Such experiments would provide a good opportunity for 
joint attack by the geneticists and the breeders. While a joint attack of 
this sort would seem to me to be of eventual profound significance, I am 
inclined to think that during the next ten years, the best combinations will 
be discovered by cut and try methods of the intelligent and industrious 
breeder who makes large numbers of combinations and observes them 
carefully under a variety of conditions. The combination of the genetic 
and breeding approach to discover the physiologic effect of various genes 
in different relationships will, I feel, lead finally to exceedingly promising 
results but no one can predict at the present time just what turn research 
of this sort will eventually take. I am convinced, however, that after 
work of this sort is started, it will lead to a number of fresh and worthwhile 
approaches within five or ten years not only so far as the corn plant is con-
cerned, but also with respect to other organisms. 
The methods of producing and crossing inbred strains of corn as 
used in 1934 will probably be greatly modified as the combined attack of 
the geneticists and breeders brings us closer to the truth of genetic and 
physiologic functioning. I can't help feeling that Mendelism is being used 
to explain situations for which eventually other hypotheses must be 
used. In this connection the effort to develop superior inbreds by the 
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method known as convergent improvement is worth studying. The 
method is slow and thus far has not produced results quite as favorable 
as might be hoped. My own observation would lead me to think that 
superior inbreds are superior not only from the standpoint of the presence 
of specific favorable Mendelian factors but also from the standpoint of 
a certain degree of tension resulting from compatible relationships and 
arrangements, the laws of which have not yet been discovered. In this 
direction I am expecting profoundly significant work in corn genetics in 
the next 20 years which will have its eventual application to all life. 
Looking toward the future, it is obvious that the surface of the pos-
sibilities in corn breeding has merely been scratched. It is undoubtedly 
true that the use of the combinations of the inbred strains of corn which 
are now clearly within our grasp should make it possible for the farmers 
of the United States within the next ten years to obtain a yield at least 
five or ten bushels an acre higher than that which they are now obtaining. 
It is also obvious that stiffer stalked strains are clearly within our grasp. 
There is still the problem of obtaining in one combination the qualities of 
maximum yield, stiffness of stalk, drought resistance and disease resist-
ance, as well as the ability to maintain the same advantage in yield over 
open-pollinated corn on poor land and rich land. It would seem, however, 
from the rapidity of progress since 1920 that very remarkable results will 
be with us by 1940. We shall need experiments to discover whether or 
not it is desirable to have softer textured strains of corn in order to promote 
greater ease of mastication by hogs, or whether such problematical ad-
vantage in softness may be offset by lower yields and susceptibility to 
disease. Is there any advantage in increasing or decreasing the oil con-
tent in corn from the standpoint of the maximum utilization by livestock? 
Perhaps the time is now approaching when the corn breeders should 
cooperate more and more with those who are concerned chiefly with 
the use of corn. Possibly we shall come eventually to think of one type 
of corn as hog corn to be fed on the ear, another type as cattle corn to be 
fed ground, and still another type as commercial corn especially adapted 
for human consumption, or starch corn for the wet process of corn 
manufacture. 
Most farmers still look on corn as corn. But those who have worked 
with corn and studied it in all its intimate details for many years realize 
that corn is not merely corn. It is a composite of many things and can 
be molded in many directions. The possibilities with corn are almost as 
infinite as with humanity itself. The past sixty years are a mere beginning. 
The future is limitless as long as our desires are keen and our minds open. 
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teaching general, 225 
teaching, sixty-five years ago, 227 
Brachythecium, artificial cultivation in 
erosion work, 350 
Buff-breasted sandpiper (Tryngites sub-
ruficollis), 623 
Butter, cultures, causes of slow acid pro-
duction in, 155 
surface taint of, as defect, 145 
INDEX 687 
Butyl-acetonic, fermentations, biochem-
istry of sluggish, 195 
fermentation of the sugars with special 
reference to xylose, the, 197 
Butyl organisms, action of, on carbohy-
drates, 197 
2,3-Butylene glycol biochemistry of the 
production of, by fermentation, 171 
Calidris canutus, 611 
Caloptrophorus semiplanatus inornatus, 
611 
Capella delicata, 610, 619 
Carbohydrates, in maize, translocation of, 
509 
Carbon dioxide, relation of temperature 
to production of in fungi, 52, 57 
Carpocapsa pomonella Linne, toxicity of 
petroleum oil and chemical compounds 
to larvae of, 178 
Catharinea, cultivation of, in erosion 
work, 350 
Causes of slow acid production in butter 
cultures, 155 
Ceratodon, for newly graded roadsides, 
350 
Certain aspects of the role of vegetation 
in erosion control, 337 
Chaetocnema pulicaria, 468 
Challenge of erosion to botanists, 353 
Changing emphasis in general botany and 
its significance, 287 
Charadrius melodus Ord., 609, 618 
C. semipalmatus, 609, 618 
Cheddar cheese, ripening of, Effect of 
bacteria on, 173 
Chinch bugs, resistance and susceptibil-
ity of ·corn strain to second brood, 413 
Chlorine sterilizing compounds, 163 
Chortophaga viridifasciata, De G., 177 
Chromosome, linkages, summary of 10th, 
455 
studies in Black Mexican maize I. Be-
havior of extra chromosomes in Black 
Mexican inbreds and hybrids with 
dent types of maize, 549 
chromatic and meiotic, in Black Mexi-
can maize lines and crosses, 550 
Ciellus pygmaeus, new coccidium from, 
581 
Citrates of milk and products as they af-
fect growth of Penicillium roqueforti, 
151 
Coccidium, from ground squiITel, 581 
Colinus virginianus v irginianus Linn, 
protection of, 625 
Corn, acreage of, in Iowa, 560 
bacterial wilt of, caused by Bacterium 
stewartii, 539 
breeding and testing of, 563 
classification of, on basis of resistance or 
susceptibility to bacterial wilt, 541 
commercial dust seed treatment of, 527, 
528 
dissemination of bacterial wilt of, 461 
dry weight, in planting rates, 525 
future outlook for, 566 
histological studies of, in study of bac-
terial wilt, 541 
improvement, six decades of, and the 
future outlook, 561 
inbred tests of, in relation to resistance 
to Bacterium stewartii, 539 
increase in genetic knowledge of, 564 
plants, leaf area and growth rate of, 
521 
production, future of, 559 
production, problems relating to, 559 
rate of planting, 523, 527 
Reid Yellow Dent, spread of, 562 
relation of field stands to yield, 529, 536 
Research Institute, Iowa, 409, 411, 559 
seed treatments, benefits of, 536 
seed treatment, relation of rate of 
planting to the effect of, 527 
smut, artificial inoculations with, 505 
smut, place of attack, 505, 506 
smut, unexpressed infection with, 507 
stalks, basal area of, 523 
strains, resistance and susceptibility of, 
to second brood chinch bugs, 413 
yield of, effect of rates of planting on, 
522 
yield test, purpose of, 560 
Constants, determination of, 599 
Content of general botany courses, 253 
Continuous loads, finite rectangle, 601 
Commemorating six decades of the mod-
ern era in botanical science, 221 
Condensation reactions of furfural and its 
derivatives, 141 
Cornea, of guinea pig, 669 
Cornstalks, production of synthetic lum-
ber from, 183 
Coryne bacteria (Diptheroids) associated 
with diseases of domestic animals, 181 
Culture tubes, metal jacketed glass, 590 
Culture tubes, quartz and glass, 588 
Dairy products, bacteria in, 209 
Deflection, of an isotropic rectangular 
plate under the action of continuous and 
concentrated loads when supported at 
two opposite edges, the, 597 
of a rectangular plate uniformly loaded, 
607 
Determination, of constants, 599 
of the effect on manganese and sulfur 
on the malleabilization of white cast 
iron, 165 
of the thermionic work function of 
nickel by a new method, the, 131 
Development, of root and crown of al-
falfa , 641 
of the commercial production of re-
frigeration board and press board, 183 
of the group-conference study of teach-
ing, the, 259 
688 INDEX 
Diabrotica duodecipunctata, summary of 
seed transmission tests with, 467 
Diplodia zeae, effect of filtrates from cul-
tures of, upon seedling blight of maize, 
481 
Dissemination of bacterial wilt of com, 461 
Dissosteira carolina Linne, 177 
Domestic animals, diseases of, Corynebac-
teria associated with, 181 
Dowitcher, (Limnodromus griseus), 613, 
622 
Eastern solitary sandpiper (Tringa soli-
taria solitaria), 611, 619 
Ectopimorpha luperinae Cush., 571 
Effect of, inbreeding and of selection 
within inbred lines of maize upon the 
hybrids made after successive genera-
tions of selfing, the, 429 
certain bacteria on the ripening of 
cheddar cheese made from pasteur-
ized milk, the, 173 
plant cover on soil and water losses, 
the, 329 
species of grasses and legumes sown 
and treatment upon the population 
of meadows and pastures, 391 
Eimeria beecheyi from ground squirrel, 
581 
E. beckeri n. sp., a new coccidium from 
the ground squirrel, Citellus pyg-
maeus, 581 
E. miyairii, duration of infection of, 118 
immunizing effects of different sized 
doses of, 119 
infections in the white rat, 115 
number of oocysts produced by dif-
ferent sized infective doses of, 116 
weight changes, pathological effects 
and lethal dosage of, 121 
Electrophoresis, 187 
Elements, solubilities of, with vanadium 
oxytrichloride, 90 
Epiblema strenuana (Walker), 576 
Epiurus pterophori (Ashm.), 575 
Equilibrium equations, 597 
Ereunetes maurii, 613, 622 
E. pusillus, 613, 622 
Erosional losses, 399 
Erosion, challenge of, to botanists, 353 
control, certain aspects of role of vege-
tation in, 337 
prevention, capacity of plant cover, 323 
problems in relation to plant life, 326 
regions presenting types of problems 
of, 357 
Eroded soils, in southeastern Ohio, re-
vegetation on, 365 
Erosion, suggested plan for correcting 
damage from, 355 
Erycia deckeri Curran, 269 
Escherichia-Aerobacter group of bac-
teria in dairy products, 209 
Ethylene chlorohydrin, use of, in germi-
nation tests on Jerusalem artichokes, 67 
Eupteromalus viridescens (Walsh), 575 
Evolution and differentiation of labora-
tory teaching in the botanical sciences, 
235 
Experiments on the attenuation of virus 
and the production of immunity to hog 
cholera, 192 
Eye, defect, inherited in guinea pig, 667 
tissue in guinea pig, 670 
Fall migration of shore birds, Iowa, 617 
Fermentation, bacterial count, 196 
Fermentation of sugars, butyl-acetonic, 
197 
Fermentations, sluggish butyl-acetonic, 
biochemistry of, 195 
thermophilic production of alcohols, by, 
201 
Field cricket (Gryllus assimilis pennsyl-
vanicus Burm.), blood cell count of, 13 
Filterability of hog cholera virus, as af-
fected by hydrogen ion concentration, 
187 
Filters, compound, 190 
gypsum, 189 
Seitz-Uhlenhuth type of, 191 
siliceous, 188 
Filtrates from cultures of Diplodia zeae, 
482 
Forest and forest borders, revegetation of, 
368 
Forest and grass cover, effect on erosion 
losses, 334 
Formalized tissues, 193 
Fungi, isolation of, causing thermogene-
sis, 37 
thermogenesis in hay-inhabiting, 37 
Furan compounds, polymerization and 
stabilities of, 141 
Furfural, and its derivatives, condensation 
reactions of, 141 
use of polymers from, 133 
Future of corn production, the, 559 
Friedel-Crafts reaction, 142 
Game management areas, 625 
Gattermann-Koch reaction, 142 
Gene mutations, 427 
Genetics, in relation to improvement of 
corn, 564, 565 
Genetic investigations of bacterial wilt 
resistance in corn as caused by Bac-
terium stewartii (Smith) Migula, 539 
Grasses, effect of, and treatment upon 
population of meadows and pastures, 
391 
native, place in revegetation on eroded 
soils in Ohio, 370 
population of mixed seedlin~s, 394 
surviving, sown in pure seedlings, 393 
Greater yellowlegs (Totanus melanoleu-
cus), 611, 619 
Ground squirrel, Eimeria beckeri, n. sp., 
from, 581 
INDEX 689 
Group-conference system of teaching bot-
any, 259 
Growth rate of corn plants, 521 
Gryllus assimilis pennsylvanicus Burm., 
total blood cell count, 13 
Guinea pig, cornea, 669 
anatomical study of eye defect in, 667 
Gymnochaeta ruficorns Will., 569 
Helianthus tuberosus L., rest period of, 
61 
Hemoglobin in the rat, 169 
Hemolymph cell counts of Gryllus assimi-
lis pennsylvanicus Burm., 16 
Herpetomonas elmassiana (Migone), par-
asitic on Oncopeltus fasciatus, 84 
Histological studies of the development 
of the root and crown of alfalfa, 641 
Hog cholera, attenuation of virus, and 
production immunity to, 187, 192 
production of immunity to, 192, 193 
virus, migration of, when subjected to 
electrophoresis, 187 
virus, physical-chemical properties of, 
187 
Hormodendron, growth indices for species 
of, 45 
Hudsonian god wit (Limosa haemastica), 
614 
Hydrolysis, acid, 206 
Immunity to hog cholera, 192 
Importance of outdoor plant studies, the, 
325 
Inbreeding, effects of, and of selection 
within inbred lines of maize upon the 
hybrids made after successive genera-
tions of selfing, 429 
Insects, physiological and toxicolological 
studies on, 177 
Intracellular, abnormalities associated 
with yellow dwarf of onions, 677 
bodies in onions, 678 
Iowa Corn Research Institute, 409, 411 
Isotropic rectangular plate, deflection of, 
597 
Insulation board, factors affecting pro-
duction of, 183 
Jerusalem artichokes, Helianthus tube-
rosus L., shortening the rest period of 
the tubers of the, 61 
Kildeer ( Oxyechus vocif erus vocif erus), 
609, 618 
Laboratory teaching, in botanical science, 
235 
Lactic acid bacteria, heterofermentative, 
8 
Lactobacillus casei, 173 
Lactobacillus fructivorans sp. nov., physi-
ology and classification of, 1 
L. fructivorans, comparative studies on, 
4 
L. gracilis, comparative studies on, 4 
Land use, planning of, 345 
Leaf area and growth rate of corn plants, 
521 
Least sandpiper (Pisobia minutilla), 612, 
620 
Legumes, densities of surviving, sown in 
mixtures, 395 
effect on, and treatment upon popula-
tion of meadows and pastures, 391 
Lesser yellowlegs (Totanus flavipes), 611, 
620 
Lignin, alkaline oxidation of, 205 
Limnodromus griseus, 613, 622 
Limosa fedra, 614 
L. haemastica, 614 
Line loads and concentrated loads, 602 
Lissonota brunnea (Cress.), 572 
Liverworts, soil holding capacity, ·349 
Lixophaga variabilis (Coq.), 570 
Lobipes lobatus, 615, 623 
Loss mutations in maize, 427 
Macrocentrus elicatus Cress., 575 
M. pallisteri Degrant, 575 
Macronoctua onusta Grote, 576 
Maize, acre yields of crosses of, 433, 434, 
435 
applied botanical research on, 411 
Black Mexican, chromosome studies in, 
549 
Black Mexican, cytology of, 549 
characters in top crosses of, 447 
chromosome studies, 550 
diurual variations in rate of transloca-
tion in, 514 
effect of filtrates from cultures of 
Diplodia zeae upon seedling blight 
of, 481 
effect of selection between sister prog-
enies, 431 
formative period of stem structures in, 
491 
inbred lines of, effect of self pollination 
on, 429 
loss mutations in, 427 
morphological relationships of stem and 
root of, 489 
plant, ontogeny of, 489 
relation of fruiting to translocation in, 
509 
relation of leaf area to yield of, 510 
smut, some new aspects of, 505 
some new mutants in, 451 
sugar gradients in, 515 
translocation of carbohydrates in, 509 
vascular bundles, relationship between 
size and number, 494 
Manganese and sulfur, effect of, on malle-
abilization of white cast iron, 165 
Marbled godwit (Limosa fedoa), 614 
Masicera senilis Meig., 567 
Medicago sativa, anatomical development 
of, 641 
embryo of, 653 
histological studies of, 642 
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Melanoplus bivittatus Say, 177 
M. differentialis Thomas, 177 
Measurement of run-off as influenced by 
plant cover density, 399 
Metals, effect of, on yeast medium, 590 
Meterus vulgaris (Cress.), 572 
Methyl-lithium, preparation of, 213 
Microbracon caulicola Gahan, 574 
M. furtivus (Fyles), 574 
M. lutus (Prov.), 574 
Micropalama himantopus, 613, 622 
Microplitis gortynae Rly., 571 
Migration, of hog cholera virus where 
subjected to electrophoresis, 187 
of shore birds through Clay and Palo 
Alto counties, Iowa, the 1934 Fall, 617 
the 1934 Spring, 609 
Milk, organism producing potato odor in, 
125 
Mitogenetic effect on yeast of oligody-
namic radiation from metals, the, 587 
Modern era in botanical science, six dec-
ades of, 221 
Molded products, fabrication of, use of 
polymers from furfural in, 133 
Morphological relationships of stem and 
root of maize plant, 491 
Moss, work of in holding slopes and banks, 
348 
Mosses and soil erosion, 347 
Iowa, significant in control of soil ero-
sion, 351 
spore sowings of, for erosion, 350 
Mutations, dominant, 451 
monogenic, 456 
recessive, 454 
two fertile in homozygous dominant 
condition, 456 
Mucorales, growth indices of, 42, 44 
Muscina a.ssimilis Fall, 570 
M. stabulans Fall, 570 
Mutations in maize, loss, 427 
Nabis ferus (L.), as predator, 84 
Natural revegetation on eroded soils in 
southeastern Ohio, 365 
Neosciara ocellaris (Comstock), biology 
and control of, 25 
habits, 31 
life history, 26, 27 
unisexual progenies, 31 
Nickel, thermionic work function of, 131 
Nitrogen content of apples during stor-
age, 101 
Nitrogen fertilization and storage tem-
perature, storage behavior of apples as 
influenced by, 95 
Northern phalarope (Lobipes lobatus), 
615, 623 
Notes on the biology of Oncopeltus fasci-
atus (Dallas), 73 
Notes on the biology and control of Neo-
sciara ocellaris (Comstock) (Diptera, 
Scl.aridae) , 25 
Ohio, southeastern, revegetation on erod-
ed soils in, 365 
Oligodynamic radiation from metals, 
mitogenetic effect on yeast, 587 
Oncopeltus fasciatus (Dallas), classifica-
tion of, 73 
food of, 73 
egg and nymphal instars of, 7 4 
life history and habits, 76, 77, 78 
notes on the biology of, 73 
Onions, yellow dwarf of, 677 
On the total blood (Hemolymph) cell 
count of the field cricket, Gryllus as-
similis pennsylvanicus Burm., 13 
Ontogeny of the maize plant-the early 
differentiation of stem and root struc-
tures and their morphological rela-
tionships, the, 489 
Oocysts, types of, from Citllus pygma.eus, 
581 
Organisms producing a potato odor in 
milk, 125 
Organomagnesium chlorides, preparation 
of, 213 
Organometallic compounds, 213 
Orthoptera, adult, respiratory responses, 
to certain gases, 177 
Outdoor plant studies, importance of, 325 
Oxidation, alkaline, of lignin, 205 
Oxidation potentials, relationship between 
pH and, 163 
Oxyechus vociferus vociferus, 618 
Papaipema nebris (Gn.), 576 
Parasites of some lepidopterous stalk 
borers in Iowa, the, 567 
Pectoral sandpiper (Pisobia melanotos), 
611, 620 
Pelidna alpina sakhalina, 612, 622 
Penicillium, growth indices for species of, 
45 
Penicillium roqueforti in cheese, factors 
affecting growth of, 151 
oxygen requirements of, 152 
Pentosan-containing materials, formation 
of xylose from, 137 
Pentosancellulosic material, plastics from 
high, 159 
Phenolized tissues, 193 
Philobela minor, 619 
Phymata fascia.ta (Gray), as predator of 
Oncopeltus fasciatus, 84 
Physical-chemical properties of hog chol-
era virus, 187 
Physiological and toxicological studies on 
insects, 177 
Physiology of Lactobacillus fructivorans 
sp. nov., isolated from spoiled salad 
dressing, 1 
Pinned-clamped plate, rectangular, 605 
Piping plover (Charadrius melodus) Ord., 
609, 618 
Pisobia bairdi, 612, 620 
P. fuscicollis, 611, 620 
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P. melanotos, 611, 620 
P. minutilla, 611, 620 
Place of Botany in a liberal education, 
the, 243 
Placement test, use of, in teaching bot-
any, 303 
Plant cover, density, run-off as measured 
by, 399, 403 
effect of, on soil and water losses, 329 
percentage of, in successional develop-
ment of, 380 
Plant covers, effectiveness of, in prevent-
ing run-off losses, 407 
Plant studies, importance of outdoor, 325 
Plant succession, relation of, to soil ero-
sion, 379 
Plastics from high pentosancellulosic ma-
terial, 159 
Plastic material, standard process for pro-
ducing, 159 
Pluvialis dominica dominica, 610, 618 
Pohlia nutans, slopes helped by, 348 
Polymerization and stabilities of furan 
compounds, 141 
Polymers, use of, from furfural in the 
fabrication of molded products, 133 
Popping seed in Mexico used as substi-
tute for popcorn, 661 
Population check of bob-white on shot 
and unshot areas, 634 
Potato odor in milk, organisms produc-
ing, 125 
Preliminary, report of the anatomical 
study of an inherited eye defect in the 
guinea pig, 667 
studies on the effect of filtrates from 
cultures of Diplodia zeae upon seed-
ling blight of maize, 481 
Pressboard, commercial production of, 183 
Primary root of alfalfa, anatomy of, 643 
Production of alcohols by thermophilic 
fermentations, the, 201 
Products of dissimilation of glucose and 
levulose, 5 
Pseudomonas graveolens, ability to cause 
odor defects in dairy products, 125 
P. mucidolens, changes in flavor of 
cream caused by, 126 
Quantitative studies on the formation of 
xylose from pentosan-containing mate-
rials, 137 
Quail, control of shooting for sport, 639 
population surviving shooting 638 
Rat, growth and lactation in the, 147 
role of inorganic substance and amino 
acids in regeneration of hemoglobin 
in the, 169 
Rate of planting of corn, 523 
Ratio of sugar to nitrogen in apples, 105 
Recu.rvirostra americana, 615 
Red-backed sandpiper (Pelidna alpina 
sakhalina), 612, 622 
Refrigeration board, commercial produc-
tion of, 183 
Relation, of rate of planting to the effect 
of corn seed treatment, 527 
of the size of the infective dose to num-
ber of oi:icysts eliminated, duration of 
infection, and immunity in Eimeria 
miyairii Ohira infections in the whte 
rat, 115 
of the stages of plant succession to soil 
erosion, the, 379 
Research, on maize, 411 
Resistance and susceptibility of corn 
strains to second brood chinch bugs, 413 
Revegetation on eroded soils in south-
eastern Ohio, 365 
Role of inorganic substances and amino 
acids in the regeneration of hemoglobin 
in the rat, 169 
Ruddy Turnstone ( Arenaria interpres 
morineUa), 610, 618 
Run-off measurement of, as influenced by 
plant cover density, 399 
Sagaritis oxylus (Cress.), 572 
Salad dressing"'-fermented, Lactobacillus 
fructivorans isolated from, 1 
Sanderling (Crocethia alba), 614, 623 
Sarcophaga cimbicis Towns., 571 
S. helicis Towns., 570 
Second brood chinch bugs, resistance and 
susceptibility of corn strains to, 413 
Secondary growth of alfalfa, changes in, 
647 
Seed treatment, corn, 527 
Semipalmated plover (Charadrius semi-
palmatus) , 609, 618 
Semipalmated sandpiper (Ereunets pusil-
lus), 613, 622 
Shore birds, migration of, in Iowa, 609 
Shortening the rest period of the tubers 
of the Jerusalem artichoke, Helianthus 
tuberosus L., 61 
Sinea diadema (Fab.), as predator, 84 
Six decades of corn improvement and the 
future outlook, 561 
Slopes, held by mosses, 348 
Smut,maize,505 
Sodium nitrate fertilizer applications in 
orchards, 111 
Sodium thiocyanate, effectiveness of in 
shortening rest period of tubers, 71 
Soil, and water-losses under crop rota-
tions, 335 
characteristics, in stages of plant suc-
cession, 385 
erosion, mosses and, 347 
relation of stages of plant succession 
to, 379 
formation, rate of, 329 
water-holding capacity of, 381 
Solvent yield, influence of factors on, 198 
Some factors affecting the growth of 
Penicillium roqueforti in cheese, 151 
692 INDEX 
Some factors affecijng the production of 
insulation board on the development of 
the commercial production of refrigera-
tion board and pressboard, 183 
Some aspects of maize smut, 505 
Some new mutants in maize, 451 
Some of the physical-chemical proper-
ties of hog cholera virus 
I. Filterability of hog cholera virus 
as affected by the hydrogen ion 
concentration 
II. The migration of hog cholera virus 
where subjected to electrophore-
sis 
ill. Experiments with the attenuation 
of virus and the production of 
immunity to hog cholera, 187 
Some problems in an elementary botany 
course, 249 
Some quantitative studies of organo-
metallic compounds, 213 
Spicaria, growth indices for species of, 45 
Sporobolus wrightii, purpose of, in South-
west, 354 
Spotted sandpiper ( Actitis macularia), 
610, 619 
Spring migration of shore birds through 
Clay and Palo Alto counties, Iowa, the 
1934, 609 
Squatarola squatarola, 610, 618 
Stages of plant succession, relation of, to 
soil erosion, 379 
Steganopus tricolor, 615, 623 
Stem and root structure of maize, 489 
Storage, behavior of apples as influenced 
by nitrogen fertilization and storage 
temperature, the, 95 
length and maturity, effect of on germi-
nation of artichoke tubers, 63 
temperature of apples, 95 
Streptococcus lactis, 155 
S. liquefaciens, 173 
S. paracitrovorus, 173 
Stilt sandpiper (Micropalma himantopus), 
613, 622 
Studies on the Escherichia-Aerobacter 
group of bacteria in dairy products, 209 
Studies on the vitamins B and G in 
growth and lactation in the rat 
(a) The effects of extracts of vitamin 
Band G 
(b) The distribution of vitamin G, 147 
Study of chlorine sterilizing compounds, 
I. Relationship between pH and oxida-
tion potentials, 163 
Study of Corynebacteria (Diphtheroids) 
associated with diseases of domestic 
animals, A, 181 
Sugars, butyl-acetonic fermentation of, 
197 
Sugar content of apples, 102 
Susceptibility of corn strains to second 
brood chinch bugs, resistance and, 413 
Symposia of, 
Applied botanical research on maize, 409 
Erosion prevention capacity of plant 
cover, 323 
Teaching general botany, 219 
Teaching, attainments in, 281 
general botany, 225 
symposium, 219 
group-conference, for botany, 259 
of botany sixty-five years ago, 227 
Thermionic work function of nickel by a 
new method, determination of the, 131 
Thermogenesis, 47 
determination of, 40 
in hay-inhabiting fungi, 37 
Thermophilic fermentations, production 
of alcohols by, 201 
Thiourea, use of, in germination test on 
Jerusalem artichoke tubers, 67 
Tissues, desiccated, 192 
Totanus flavipes, 611, 620 
T. melanoleucus, 611, 619 
Toxicity of petroleum oil mixed with cer-
tain chemical compounds to larvae of 
Carpocapsa pomonella Linne, 178 
Toxicological studies on insects, 177 
Tracheae, in roots of maize plants, cross 
sectional area, 494, 497 
Translocation of carbohydrates in maize, 
the, 509 
Tringa solitaria solitaria, 611, 619 
Tryngites subruficolis, 623 
Upland plover (Bartramia longicauda), 
610 
Use of polymers from furfural in the fab-
rication of molded products, 133 
Use of the placement test in the teaching 
of general botany, a, 303 
Vanadium oxytrichloride, as a solvent, 
II, 89 
physical properties of, 89 
preparation of, 89 
reactions with sulfur dioxide, hydrogen 
sulfide and Grignard reagent, 93 
relationships between the elements and, 
89 
Vascular bundles of maize, at internodes, 
492 
Vascular transition from root to crown of 
alfalfa, 645 
Vectors of virus diseases of onions, 677 
Vegetative communities in eroded areas, 
in Ohio, 366 
Vegetation, role of, in erosion control, 337 
Virus, attenuation of, 192 
hog cholera, physical-chemical proper-
ties of, 187 
saturation of, with gases, 193 
Vitamin G, distribution of, 147 
Vitamins B and G, extracts of, 147 
in growth and lactation in the rat, 147 
Water-holding capacity of soil, 381 
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Water, losses, effect of plant cover on 
soil and, 329 
municipal and irrigation use, 345 
Western sandpiper (Ereunetes maurii), 
613, 622 
Western willet (Caloptrophorus semi-
palmatus inornatus), 611 
White-rumped sandpiper (Pisobia fusci-
collis), 611, 620 
Wilson's phalarope ( Steganopus tricolor), 
615, 623 
Wilson's snipe (Capella delicata), 610, 619 
Winter survival, bob-white, on shot and 
unshot areas, 625 
Winthemia rufopicta (Bigot), 569 
Xerosere, successive stages of, dominant 
species of, 382, 384 
Xylose, butyl-acetonic fermentation of su-
gars with special reference to, 197 
formation of, from pentosan-containing 
materials, 137 
Yeast, cultures, effect of metals on, 587 
mitogenetic effect on, of oligodynamic 
radiation from metals, 587 
Yellow dwarf of onions, abnormalities 
associated with, 677 
